4DA057079 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  of  THIS  RAGE  Data  Entarad) 


EPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3.  recipient's  catalog  number 


.CHARACTERIZATION  OF  COMPLEX  MICROPROCESSORS  X 
^Bpport  CHIPS*  * S' 


WSSSSm 


S.  PERFORMING  ORGANIZATION  NAME  ANO  ADO 

General  Electric  Company 
100  Plastics  Avenue 
Pittsfield  MA  01201 


It  CONTROLLING  OFFICE  NAME  AND  ADORESS 

Rome  Air  Development  Center  (RBRM) 
Griffiss  AFB  NY  13441 


. MONITORING  AGENCY  NAME  » ADORESSflf  dllltnnl  Iran  Controlling  Oltlc.)  IS.  SECURITY  CLASS,  (ol  thlm  report) 

/17V  I wi)  UNCLASSIFIED 

s“»  (J%fXlS  p.  \ 


IS.  DISTRIBUTION  STATEMENT  <ot  t hi • Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ot  tfta  abstract  antarad  In  Block  20.  II  dlllarant  from  Raport) 


| + 1 13^ 


IB.  SUPPLEMENTARY  NOTES 

RADC  Project  Engineer: 
Regis  C.  Hilo  (RBRM) 


It  KEY  WOROS  fCoAlimi*  on  ravaraa  aida  It  nacaaamry  and  IdantHy  by  block  number) 

U4 


Microprocessor 
Support  Devices 
Test  Methods 
Electrical  Testing 
MIL-M-38510  Slash  Sheets 


20.  ABSTRACT  (C  >ntlnua  on  rararaa  alda  II  nacaaaary  and  Idantlly  by  block  numbar) 

rThe  objective  of  this  effort  was  to  develop  high  test  confidence  level 
functional  tests  and  parametric  tests  for  selected  microprocessors  and 
microprocessor  support  devices;  and  then  generate  MIL-M-38510  slash  sheets 
for  them  which  conformed  to  military  standards.  This  included  worst  case 
test  situations,  critical  timing  and  generation  of  new  test  procedures 
where  present  or  accepted  methods  no  longer  apply.  User  and  manufacturer 
comments  made  to  microprocessor  slash  sheets/400  and  /420  developed  under  a 

(cont’d) 


DO  1473 


EOITION  OF  I NOV  «S  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWi»n  O.r.  Bnl.tmd) 


itfls »8  01  007j> 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  P»OEfWi«n  Dmlm  g nfnd) 


V 


20  (Cont’d) 


previous  contract*  were  reviewed  with  device  manufacturers  and  changes  were 
made  to  the  slash  sheets  where  necessary.  Military  qualification  of  these 
devices  was  supported  also  as  it  applied  to  the  slash  sheet  test  methods  and 
procedures. 


♦Report  RADC-TR-77-91  March  77 


! s • ! : . . i\ 

- ” ■.  ' S'  { 


W 


n 


UNCLASSIFIED 

security  CLASSIFICATION  OF  THIS  RAOEfWAFn  DM!  BnCnd) 


PREFACE 


This  Final  Report  was  prepared  by  General  Electric  Ordnance 
Systems,  100  Plastics  Avenue,  Pittsfield,  Massachusetts,  for 
Rome  Air  Development  Center,  Griff iss  Air  Force  Base,  New  York, 
under  contract  F30602-77-C-0012 . 

It  covers  the  period  December  I976  to  January  1978.  Mr.  Regis 
C.  Hilow,  RBRM,  was  the  RADC  Project  Engineer. 

The  work  on  this  project  was  performed  by  the  Electronic 
Circuits  Engineering  Operation  and  Components  Engineering  Unit. 
Project  responsibility  was  held  by  Mr.  Thomas  M.  Ostrowski  of 
Circuit  Design  Engineering.  Key  individuals  who  made  signifi- 
cant contributions  to  this  report  were  Messrs.  Barney  Hajduk, 
Richard  English,  Larry  Roller,  Lawrence  DeLuca,  Winston  Taylor, 
James  Schwehr,  David  O'Connor,  David  Prystasz,  and  Clarence 
Carey . 


CONTENTS 


sas* 

LIST  OP  FIGURES  ill 

LIST  OP  TABLES iv 

; t 

SECTION  I.  SUMMARY.  > 1-1 

SECTION  II.  INTRODUCTION II-l 

T 

SECTION  III.  TEST  DEVELOPMENT  FOR  MIL -M- 385 10/400 

AND  /420  DURING  QUALIFICATION III-l 

1.  Data  Logging III-l 

2.  Tristate  Delay  Measurements III-2 

3.  Miscellaneous  Slash  Sheet  Changes.  . . . III-4 

SECTION  IV.  LOADING  FOR  LSI  DEVICES  AND  TRISTATE 

OUTPUTS IV-1 

1.  Proposed  T1 2 3 4 5 6L  Load.  IV-1 

2.  Tristate  Loading  IV-3 

3.  Additional  Testing  Considerations 

for  Tristate IV-8 

SECTION  V.  PROCEDURE  FOR  LSI  FUNCTIONAL  TEST 

DEVELOPMENT V-l 

SECTION  VI.  TEST  DEVELOPMENT  FOR  THE  2901A 

MICROPROCESSOR  VI-1 

1.  Introduction VI-1 

2.  Summary  of  Functional  Test  Evaluation 

and  Discussion VI-1 

3.  Description  of  Added  Vectors  VI-5 

4 . Summary  of  Switching  Speed  Tests  and 

Discussion • VI -7 

SECTION  VII.  OPERATION  OF  LOGIC  INTEGRITY  TESTS 

FOR  THE  8212 VII-1 

1.  Introduction VII-1 

2.  Circuit  Description VII-1 

3.  Vector  and  Model  Development  VII-1 

4.  Results  of  Vendor  C's  8212  Simulation.  . VII-2 

5.  Vendor  D 8212  Simulation VII-3 

6.  3260  Test VTI-3 


11 


CONTENTS 


SECTION  VIII.  DEVELOPMENT  OP  A LOGIC  INTEGRITY 
TEST  FOR  THE  2918  QUAD  D REGISTER 


Objective 

Circuit  Description 
Vector  Generation. 
3260  Test 


VIII-1 

VIII-1 

VIII-1 

VIII-1 


SECTION  IX.  DEVELOPMENT  OP  LOGIC  INTEGRITY  TESTS  FOR 
THE  2905,  2906,  2907,  2915,  2916,  AND  2917  QUAD 
BUS  TRANSCEIVERS  


1.  Objective IX-1 

2.  Circuit  Description IX-1 

3.  Vector  Generation IX-2 

4.  3260  Test IX-2 

- r c , j " 

APPENDIX  A.  ADDITIONS/CHANGES  MADE  TO  THE  PROPOSED 

MIL-M-38510/440 A-l 

i.  Table  I Additions A-2 

ii.  Revised  Loads  for  Switching  Tests.  . . . A-10 

iii.  Revised  Timing  Diagrams A-12 

iv.  Changes  to  The  Functional  Tests A-23 

v.  Switching  Speed  Test  Changes  A -80 

vi.  Changes  to  Table  III-B  of  The  Slash  Sheet  A-106 

APPENDIX  B.  TEST  PROGRAMS  AND  DATA  FOR  THE  TEKTRONIX 

3260  FOR  THE  8212 B-l 


APPENDIX  C.  TEST  PROGRAM  AND  DATA  FOR  THE  TEKTRONIX 
3260  FOR  THE  2918 


APPENDIX  D.  TEST  PROGRAMS  AND  DATA  FOR  THE  TEKTRONIX 
3260  FOR  THE  2915.  2916,  AND  2917 


LIST  OP  TABLES 


Page 

TABLE  4-1.  Various  Configurations  and 

Characteristics  of  Figure  4-4,  Tristate  Load  ....  IV-6 

TABLE  4-2.  Recommended  Test  Conditions  for  Tristate 

Output  Leakage  Tests IV- 10 

<,  i 

TABLE  7-1.  Test  Vectors VII-4 

TABLE  7-2.  References  for  Propagation  Delays  VII-7 

TABLE  8-1.  Functional  Test  Vectors  VIII-4 

TABLE  9-1.  Functional  Test  for  The  2915,  2905 IX-6 

TABLE  9-2.  Functional  Test  for  The  2916,  2906 IX-9 

TABLE  9-3*  Functional  Test  for  The  2917,  2907 IX-12 


EVALUATION 


The  prime  objective  of*.this  study  was  to  electrically  characterize 
semiconductor  microprocessors  and  their  support  devices  over  the  defined 
military  temperature  range  of  -55°C  to  +125°C.  This  included  assurance 
that  the  devices  studied  met  established  military  standards,  were  tech- 
nically accurate  and  electrically  complete. 

This  effort  concentrated  on  final  vendor  negotiations  of  the  8080A 
and  6800  microprocessor  detail  M38510  specifications.  This  resulted  in 
the  JAN  qualification  of  the  Intel  Corp  as  a source  for  the  8080A  and 
Motorola  Semiconductor  as  a source  for  the  6800.  Major  emphasis  in  this 
program  was  also  placed  on  electrically  characterizing  the  2900  bit-slice 
microprocessor  and  its  support  devices.  Details  of  this  work  are  contained 
in  this  report.  Finally,  the  general  problem  area  of  testing  a tristate 
output  was  evaluated  resulting  in  an  effective  load  network  applicable 
to  all  tristate  outputs.  This  network  replaces  several  relays  and  other 
components  thus  saving  the  vendor  test  cost,  time  and  providing  a more 
reliable  test  panel. 

RADC,  as  Preparing  Activity  of  MIL-M- 38510,  General  Specification  for 
Microcircuits,  is  responsible  for  managing  the  development  and  preparation 
of  detail  slash  sheets  for  this  specification.  This  study  and  future 
studies  will  be  expanded  in  the  microprocessor  area  and  accelerated  to 
provide  D0D  system  builders  with  state-of-the-art  devices  specified  to 
meet  military  environmental  requirements. 
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SECTION  I 


SUMMARY 

This  report  details  a gate-level  functional  analysis  per- 
formed on  a microprocessor  and  microprocessor  support  devices. 
These  results  were  used  in  the  generation  of  MIL-M-385IO 
slash  sheets  (not  included  here).  The  characterized  devices 
are  listed  below. 

The  microprocessor  test  philosophy  used  for  this  effort 
was  established  on  a previous  contract  with  RADC  and  was  re- 
ported in  Report  RADC-TR-77-91,  March  1977.  This  philosophy 
was  further  developed  and  presented  herein  as  a "Procedure  For 
LSI  Functional  Test  Development".  During  that  previous  effort 
two  microprocessors,  6800  and  8080A,  were  characterized.  The 
qualification  of  these  devices  occurred  during  this  contract 
period,  and  the  follow-on  test  development  is  reported  here  also. 

The  test  development  and  qualification  that  occurred  during 
this  contract  showed  that  new  loading  philosophies  should  be 
considered.  A section  of  this  report  is  devoted  to  this  subject 

Characterized  Devices 

2901A  Four-bit  microprocessor  slice 

2918  Quad  D-Register 

2905,  06,  07,  15>  16,  17  Quad-bus  Transceivers 

8212  Eight -bit  I/O  port 
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Section  II 


INTRODUCTION 


Objective  and  Background 
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This  characterization  was  an  extension  of  a similar  effort 
(transacted  on  a previous  contract  for  RADC  (F-30  602  - 74  - 0 1 59' 
from  which  developed  a test  philosophy  for  microprocessors. 

This  philosophy  which  was  subsequently  applied  to  the  generation  of  the 
first  Mil-M-38510  microprocessor  slash  sheets.  Additional  micro- 
processors were  identified  for  characterization  on  this  contract  on 
the  basis  of  military  needs.  These  additional  items  included  other 
device  technologies  (CMOS  and  bipolar)  and  types  of  processors 
(fixed  instruction  vs.  bit  blice).  In  order  to  provide  the  special 
purpose  complimentary  functions  that  most  processors  require, 
support  devices  were  also  identified  for  characterization. 

This  report  includes  detailed  functional  block  level  analyses  of 
functional  tests  performed  on  the  290lA4-bit  slice  central  processing 
unit  (/440^  along  with  gate  level  analysis  on  the  following  micro- 
processor Oup)  support  chips:  2918  quad  D register  (/442);  2915, 

2916,  2917.  2905,  2906,  2907-quad  bus  transceivers  (/441)  and  the 
8212-8-Bit  I/O  port  (/421).  Included  with  the  support  chip  analyses 
are  the  functional  tests  that  were  developed  and  the  functional  test 
programs  written  for  the  Tetronix  3260  automatic  tester.  These 
programs  were  used  to  verify  device  functional  test  operation  and  were 
devised  to  be  compatible  with  the  capabilities  of  RADC’s  automatic 
tester. 

During  this  characterization  effort,  qualification  of  both  the  6800 
and  the  8080A  (characterized  on  the  previous  contract)  was  in  progress. 
These  particular  slash  sheet  tests  and  their  format  introduced  new 
concepts  to  the  military  slash  sheets.  Automatic  testers  were 
necessary  and  extensive  dynamic  functional  testing  was  required. 

Some  test  difficulties  were  encountered  during  qualification  of  these 
devices  which  ultimately  resulted  in  the  refinement  of  some  of  the 
test  concepts.  Device  test  problems  were  also  encountered  which 
similarly  affected  the  functional  tests.  A considerable  coordinated 
effort  was  made  with  the  processor  manufacturers  to  arrive  at 
practical  solutions  which  would  serve  as  models  for  similar  future 
specifications.  These  problems  and  their  solutions  are  discussed  in 
detail  in  this  report  in  Section  III. 


As  the  characterization  progressed,  the  lack  of  a commonly 
accepted,  simple,  easily  implemented  tristate  load  was  apparent. 

Since  processors  and  their  support  chips  are  bus  oriented,  tristate 
leakage  and  propagation  delay  testing  are  a part  of  virtually  all  of 
the  processor  related  slash  sheets.  Without  standard  loads  and  test 
methods  there  would  not  be  a common  means  of  comparison.  Dynamic 
loading,  in  general,  and  tristate  loading  in  particular  were  reviewed. 

A load  is  proposed  in  Section  IV  of  this  report  for  use  in  future  slash 
sheets  along  with  several  variations  which  address  particular  test 
problems. 

As  a result  of  analyzing  another  type  of  processor  (2901A-4  bit 
sliced  and  the  various  support  chips  indicated  above,  the  previously 
developed  Aip  test  philosophy  was  tempered  and  expanded  upon  to 
become  a general  test  development  approach.  This  approach  can  be 
applied  to  any  LSI  device  for  functional  test  development.  Section 
V of  the  report,  ’’Procedure  for  LSI  Functional  Test  Development,” 
describes  this  test  approach. 

An  amendment  (#1)  to  this  contract  increased  the  scope  and  time 
period  of  the  contract  so  that  another  final  report  will  be  issued  in 
mid  1978.  This  report  will  contain  similar  information  or.  additional 
microprocessors  and  support  chips. 


n -2 


SECTION  III 

TEST  DEVELOPMENT  FOR  MIL-M-38510/400  AND 
/420  DURING  QUALIFICATION 

The  Mil- M- 3 8510/400  and  /420  were  the  first  two  slash  sheets 
of  their  type  ever  attempted  for  monolithic  devices  of  such  great 
complexity.  Out  of  necessity,  many  of  the  test  approaches  and 
methods  used  were  innovative  for  the  slash  sheets  and  device  com- 
plexity dictated  for  the  first  time  that  large  automatic  testers  were 
necessary. 

This  section  reports  on  the  major  changes  made  to  the  slash 
sheets  as  a result  of  device  qualification.  It  is  during  qualification 
that  test  methods,  procedures,  and  limits  receive  their  greatest 
scrutiny  by  manufacturers.  At  this  time  one  manufacturer  is  quali- 
fied to  the  /400  and  another  to  /420. 

Data  Logging. 

Taking  parametric  data  on  a microprocessor  is  a time-consuming 
procedure  even  with  the  aid  of  large  automatic  testers.  During  func- 
tional testing,  devices  are  100%  checked  on  a go/no-go  basis  against 
parametric  limits.  This  is  readily  accomplished  on  these  machines. 

This  method  does  not  provide  useful  data  that  can  be  used  to  gage 
parameter /process  shifts  or  maturity  of  the  device  over  a period  of 
time.  Provisions  were  therefore  made  in  the  slash  sheet  to  take  data 
during  the  qualification  and  period  checks  of  these  devices.  When 
considering,  the  reiterative  process  used  on  some  testers  to  "home 
in”  on  a data  point,  estimates  of  the  length  of  time  required  to  take 
data  per  device  were  prohibitive  (4  hrs) . Testers  normally  measure 
one  parameter  per  one  device  pin  at  any  time.  In  this  regard  a 
major  change  was  made  to  facilitate  data  gathering. 

The  areas  where  savings  in  test  time  could  be  realized  were  the 
data  and  address  buses.  The  change  that  was  made  allowed  parallel 
’’monitoring”  of  like  bus  pins”  while  data  logging  only  the  worst-case 
pin  delay . The  term  "like  bus  pins”  defines  similar  output  buffer  data 
paths  and  output  buffer  construction.  It  cannot  be  assumed  that  this 
would  be  the  case  for  all  8 data  or  all  16  address  outputs.  For  the 
Vendor  E 6800  the  address  bus  had  to  be  split  into  two  test  groups 
because  of  construction  dissimilarities.  Without  detailed  knowledge 
of  the  construction  of  a device,  these  determinations  cannot  be  made 
and  should  not  be  attempted. 
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A further  reduction  in  test  time  was  also  obtained  by  data 
logging  only  the  worst-case  delay  of  eight  possible  delays  on  the 
address  and  data  buses . Since  substantially  less  data  was  now  being 
taken,  it  was  possible  to  monitor  these  outputs  whenever  they  were 
relevant  for  the  entire  vector  set,  including  replications  for  worst- 
case  timing  and  voltages. 

Previously  vector  numbers  were  assigned  to  each  propagation 
delay;  and  it  was  here  that  a measurement  was  taken.  These  vectors 
were  chosen  primarily  on  the  basis  of  the  output  being  relevant. 
Predicting  where  in  the  program  the  worst-case  occurred  was  not 
possible  with  available  information.  It  should  be  mentioned  that  with 
proper  schematics  and  layouts,  this  still  would  have  been  very  diffi- 
cult to  predict. 

Since  the  new  test  method  requires  sampling  the  full  vector  set 
along  with  replications  for  worst-case  timing  and  voltage,  the 
measurements  not  only  reflect  worst-case  delays,  but  delays 
through  all  paths . 

This  general  approach  and  the  changes  were  agreed  upon  by  major 
manufacturers  of  these  microprocessors.  Consequently,  Table  HI 
and  the  table  notes  of  /400  and  /420  were  rewritten. 

In  the  future,  where  data  gathering  for  complex  devices  like 
microprocessors  becomes  excessively  time  consuming,  this  approach 
is  recommended  for  consideration. 

Tristate  Delay  Measurements 

Two  problems  were  encountered  which  relate  to  tristate  output 
measurements.  The  first  occurs  primarily  on  clocked  complex 
combinatorial  devices.  It  concerns  the  preloaded  states  of  tristate 
output  buffers. 

In  testing  one  particular  microprocessor  for  tpuz  (high  level  to 
tristate  level) , the  tristate  output  buffers  were  preloaded  with  ’’zeros" 
as  part  of  the  functional  test.  Because  a race  condition  existed 
between  the  occurrence  of  the  tristate  and  the  buffer  switching  to 
its  preloaded  state,  the  device  tried  to  switch  to  a logic  "0"  level  (from) 
a logic  "1")  instead  of  going  into  tristate.  This  condition  was  initiated 


on  a clock  pulse.  The  tristate  eventually  dominates  when  the  output 
buffer  is  disabled.  However,  a transient  is  introduced  which  can  lead 
to  an  erroneous  delay  measurement.  The  measurement  may  be  refer- 
enced to  the  transient  instead  of  to  the  high  impedance  waveform.  This 
can  also  occur  for  a tpLz  measurement  if  the  inputs  to  the  output  buf- 
fers are  preloaded  with  "l's". 

The  solution  is  to  preload  the  buffers  with  the  logic  levels  that  they 
would  be  switching  from  when  going  into  tristate. 

The  second  problem  is  related  to  the  length  of  time  it  takes  for 
R-C  loaded  outputs  to  reach  the  high  impedance  level.  This  time  is 
highly  dependent  upon  the  ability  of  the  resistive  load  to  charge  the 
load  capacitance.  Devices  with  low  drive  capability  have  large  value 
resistive  loads.  Under  these  circumstances  the  propagation  delay 
primarily  consists  of  the  charging  of  a load  capacitance  and  can  be  an 
inordinately  large  number  (600  to  800  nanoseconds  (ns)). 

A bus  user  wants  to  know  when  a bus  has  been  released.  If  a bus 
has  been  released  but  has  not  had  time  to  charge  to  some  tristate  level, 
the  next  user  can  drive  it  to  the  desired  level.  For  critical  timing 
conditions,  if  a 600-nanosecond  delay  consists  of  100  ns  of  release  time, 
the  next  user  can  take  charge  of  the  bus  500  ns  sooner.  That  is  why 
this  measurement  is  so  important. 

Some  possible  solutions  to  shortening  the  delay  contributed  by 
the  load  are: 

i.  decrease  the  load  capacitance. 

ii.  decrease  the  load  resistance.  It  may  be  necessary  to  exceed 
the  device  load  rating. 

If  load- contributed  delay  is  still  unmanageable,  the  tester  can  be 
programmed  to  calculate  the  load-contributed  delay  and  subtract  it 
from  the  measured  value. 

Section  IV  of  this  report  goes  into  more  detail  regarding  loading 
problems . 
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Miscellaneous  Slash  Sheet  Changes 


1.  Pin  capacitance  measurements  are  done  manually  and  are  parti- 
cularly time  consuming  since  the  values  of  capacitance  are  small  and 
the  number  of  measured  pins  per  LSI  package  is  large  (#  36).  These 
measurements  are  normally  performed  only  for  initial  qualification 
and  after  process  or  design  changes  which  may  affect  the  design  capa- 
citance. 

A change  was  made  to  facilitate  testing.  A sample  of  five  devices 
is  fully  tested  for  pin  capacitance  and  then  ten  additional  devices  are 
chosen  for  further  testing.  The  additional  testing  is  focused  upon  the 
data  and  address  outputs.  These  outputs  are  grouped  according  to 
design/construction  similarities  as  described  in  "Data  Logging"  above. 

One  pin  (the  highest  measured  value  found  in  the  previous  5 test 
devices)  is  chosen  from  each  group  as  representative  of  that  group 
and  measured  for  each  of  the  10  devices. 

2.  A change  was  made  to  allow  the  test  programmer  to  make  output 
logic  level  measurements  at  locations  in  the  functional  test  convenient 
to  the  tester  or  test  program.  Previously  these  measurements  were 
made  at  specified  vectors. 

3.  The  minimum-temperature  test  limits  of  subgroup  12  were  deleted. 
Worst-case  measurements  for  these  devices  occur  at  elevated  temper- 
ature. 

4.  Table  II  Group  B,  C,  and  D test  requirements  were  changed.  For 
all  three  classes  of  devices,  subgroup  12  was  deleted  and  for  subgroups 
7 and  8,  testing  was  limited  for  class  B devices. 
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SECTION  IV 


LOADING  FOR  LSI  DEVICES  AND  TRISTATE 
OUTPUTS 


There  are  two  basic  loads  favored  by  manufacturers  and 
users  to  test  T^L  type  outputs.  One  load,  shown  in  Figure  4-la, 
is  used  for  standard  dynamic  testing  and  the  other,  a variation 
of  the  first  loa<i  shown  in  Figure  4-4,  is  used  for  tristate 
propagation  delay  testing.  With  the  emergence  of  complex  LSI 
devices,  automatic  test  equipment  has  become  a necessity  for  com- 
prehensive test  capability  for  these  devices.  With  the  large 
number  of  outputs  that  most  LSI  devices  have,  the  present  load- 
ing methods  precipitate  problems  such  as  limited  space  on  tester 
load  cards  and  tester  provision  for  changing  loads  under  program 
control.  Discussed  here  are  proposed  loads  and  solutions  to 
these  problems . 

Proposed  T2L  Load 

Testing  of  LSI  devices  has  placed  new  requirements  upon 
loading  of  integrated  circuits.  Because  of  device  complexity 
and,  in  fact,  the  complexity  of  the  applied  test  patterns, 
automatic  testers  such  as  the  Fairchild  Sentry  and  Tektronix 
3260  are  virtually  a necessity.  Testing  LSI  devices  with  large 
numbers  of  outputs  has  caused  automatic  tester  cards  to  fill  up 
rapidly  with  components  when  using  the  accepted  T^L  load  shown 
in  Figure  4-la.  Another  problem  with  LSI  devices  is  that  some 
are  dynamic  in  nature.  They  must  be  continously  cycled  with 
test  patterns  in  order  to  retain  states  necessary  for  making 
measurements  such  as  VOL  and  VOH.  Similar  complex  precondition 
patterns  are  necessary  to  place  non-dynamic  devices  in  their 
proper  states  although  they  do  not  require  cycling  of  the  pat- 
tern. 


It  would  be  advantageous  to  find  one  load  that  would  use 
fewer  components,  have  the  characteristics  of  the  accepted  T2L 
dynamic  load,  and  be  applicable  to  VOH,  VOL  testing.  This 
would  eliminate  changing  socket  load  cards  and  relays  on  socket 
cards  for  changing  load  configurations . It  would  provide  a 
common  load  all  manufacturers  could  use. 

The  proposed  load  (Figure  4-lb) is  similar  to  the  accepted 
T^L  load  with  the  exception  that  it  replaces  the  string  of 
three  diodes  referenced  to  ground  with  a power  supply  voltage 
reference . 
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Standard  Load 


Proposed  Load 


a 


b 


Figure  4-1.  Load  Circuits 

Normally  the  value  of  Rl  is  chosen  so  that  the  device  sink 
current  is  approximately  2/3  (IOL  max).  Rl'  for  the  proposed 
load  should  be  chosen  so  that  the  sink  current  is  equal  to  max- 
imum specified  capability  of  the  device  under  test.  This  allows 
VOH  & VOL  measurements  to  be  made  during  dynamic  measurements 
for  complex  devices. 

The  voltage  Vi  of  Figure  4- lb  can  be  adjusted  so  that  the 
voltage  ea'  best  suits  the  application.  When  making  standard 
propagation  delay  measurements  on  devices  that  require  a 1.5- 
volt  reference  point  (Figure  4-2),  Vi  should  be  chosen  so  that 
the  load  diode  becomes  forward  biased  at  a voltage  ea ' that  is 
greater  than  the  voltage  reference  point.  In  th4s  case  Vi 
should  equal  approximately  2.5  volts.  Where  a reference  voltage 
point  of  1.3  volts  is  required,  Vi  should  equal  approximately 
2.1  volts.  By  avoiding  a timing  reference  point  that  is  at  the 
voltage  where  the  load  diode  switches,  waveform  discontinuities 
and  changes  in  slope  are  also  avoided. 

For  all  tristate  delay  measurements  Vi  ( » 2.1  V)  is  chosen 
so  that  ea ' (diode  threshold)  equals  1.5  volts  (Figure  4-2). 

This  places  the  end  point  voltage  of  the  tristate  level  nearly 
equidistant  between  the  standard  worst-case  T2L  logic  levels. 
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Output  Waveform 


Figure  4-2.  Propagation  delay  waveforms 
Trlstate  Loading 

Digital  system  designs  are  utilizing  data-bus -oriented 
architecture.  This  is  particularly  true  when  considering 
microprocessors  and  their  support  chips . The  theory  is  that 
multiple  users  of  a data  bus  can  transmit  and  receive  on  the 
bus  provided  that  no  two  users  transmit  at  the  same  time  and 
that  non-users  present  minimum  loading  to  the  bus.  A possible 
multiple-user  bus  structure  is  shown  in  Figure  4-3. 
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1 

Figure  4-3.  Multiple-user  bus  structure 

1 

When  a user  is  not  transmitting,  a high  impedance  is  pre- 
sented to  the  bus  (tristate).  If  the  user  can  receive  data 
also,  the  tristate  load  presented  to  the  bus  is  generally  in 
the  several-hundred  microamp  range. 


The  purpose  of  the  tristate  propagation  delay  test  is  to 
determine  how  fast  the  high  impedance  state  is  reached  compared 
to  how  quickly  the  device  can  switch  from  high  impedance  to  a 
driven  state . The  goal  is  to  quantify  those  times  so  that  a 
designer  will  be  able  to  determine  the  necessary  tristate  en- 
able/disable system  timing.  The  next  bus  user  should  be  pre- 
vented from  driving  the  bus  before  the  previous  user  releases 
it . If  two  users  momentarily  try  to  drive  the  same  bus  to 
opposite  logic  levels,  significant  current  transients  can  result. 
This  will  cause  voltage  spikes  to  occur  on  the  bus  with  a good 
chance  of  the  same  occurring  to  device  power  supply  lines . In 
practice,  device  tristate  enable  time  is  generally  designed  to 
be  twice  as  fast  as  tristate  disable  time . Ideally  the  best  way 
to  check  for  this  delay  is  without  a capacitive  load  so  that  the 
measured  delay  will  be  predominantly  throughput  delay  plus  out- 
put transistor  switching  time  delay.  In  a system  configuration, 
after  a device  has  released  a bus,  the  bus  capacitance  will 
tend  to  maintain  the  voltage  on  it  from  the  previous  logic 
state.  If  system  timing  is  such  that  the  next  user  cannot  wait 
for  the  bus  to  discharge,  the  next  user  must  drive  the  bus  to 
the  desired  state  and  sink  the  discharge  current  of  the  cap- 
acitance. Capacitive  loading  for  dynamic  tristate  measurements, 
therefore,  is  not  a requirement. 
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One  of  the  most  common  tristate  loads  resembles  the  stan- 
dard T^L  load  with  two  switches  added.  The  switch  positions 
are  a function  of  which  of  the  four  possible  tristate  level 
measurements  is  being  made.  If  the  tristate  load  requirements 
could  be  combined  (with  the  other  load  requirements)  into  a 
single  load,  it  would  greatly  simplify  testing.  A schematic  of 
the  most  commonly  used  tristate  load  circuit  is  shown  in  Figure 
4-4. 

VCC 


Figure  4-4.  A commonly  used  tristate  load 

The  load  actually  represents  four  separate  loads  when  con- 
sidering the  various  switch  positions  and  different  capacitive 
loading.  Table  4-1  shows  the  various  configurations. 

Circuit  configurations  1 and  2 of  Table  4-1  have  load- 
capacitance-charge-time  constants  similar  to  the  proposed  load 
of  Figure  4-1.  The  major  difference  is  that  Table  4-1  loads 
have  a full  logic  voltage  swing.  This  does  not  appear  to  be 
necessary,  nor  is  it  a clear  advantage. 

Circuit  configuration  3 of  Table  4-1  is  electrically  the 
same  as  the  proposed  circuit.  The  major  difference  is  that  the 
capacitance  loading  was  changed  to  reduce  the  long  charge  time 
constant  incurred  during  the  tpnz  measurement . Five  picofarads 
maximum  loading  is  possible  with  a careful  bench  type  test  fix- 
ture, but  it  is  not  at  all  practical  for  automatic  testers. 

Most  automatic  testers  contribute  25  to  50  picofarads  of  load- 
ing through  wiring  and  socket  cards. 


Ckt  Measurement  Switch  Circuit  Configuration  Characteristics 
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Table  4-1.  Various  configurations  and  characteristics  of  Figure  4-4,  tristate  load 


Tristate  enable/disable  device  delay  should  not  be  swamped 
out  by  the  charging  of  load  capacitance.  The  problem  generally 
occurs  when  a device  does  not  have  high  current-drive  capability; 
the  logic  "1"  drive  level  of  most  all  devices  predominantly  has 
the  least  drive.  The  resulting  large  values  of  load  resistance 
present  a problem  with  moderate  capacitive  loading  (50  pf). 
Several  possible  solutions  to  this  problem  are  outlined  below: 

1.  Resistively  overload  the  device  for  logic 
"1"  current,  (lower  the  effective  value  of 
Rl  Figure  4-1).  Most  devices  are  capable 
of  a substantial  amount  of  overdrive. 

This  includes  MOS  devices  but  not  to  the 
level  of  T2L. 

The  logic  "1"  voltage  level  may  be  in- 
validated during  this  time.  One  method  of 
achieving  this,  while  still  utilizing  the 
recommended  load  of  Figure  4-1,  is  shown 
in  Figure  4-5.  Essentially,  the  effective 
value  of  Rl  is  lowered  by  switching  in 
additional  loading  under  tester  program 
C'^ptrol . 


Resistor  added 
to  overload  the 
logic  "l”  drive 
of  the  output. 


Normal  Load 


RL 

j<pvv^* 


IV 


NOTES:  1.  The  voltage  (v)  is  under  program  control. 

2.  V = -.6  during  tristate;  -(-5.5  during  normal  testing. 

Figure  4-5.  Loading  option  for  long  RC  charge  time  constants 

during  tristate 
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2.  Another  alternative  is  to  have  the  tester 
calculate  the  delay  contributed  by  the  load 
and  subtract  it  from  the  measurement.  This 
method  can  be  very  accurate,  but  it  requires 
additional  programming  and  data  manipulation. 

3.  The  load  capacitance  could  be  reduced  to  as  low 
a value  as  practical. 

Additional  Testing  Considerations  for  Trlstate 

There  are  two  possible  ways  to  verify  if  a device  has  gone 
into  tristate  during  functional  tests . 

1.  Force  a voltage  at  the  tristate  output  and 
measure  a current . This  must  be  done  at 
2.4  V or  5*5  V and  again  at  0.4  V.  No  load 
is  required  for  this  method. 

2.  Wait  a specified  time  interval  (for  the  out- 
put to  reach  its  tristate  level;  ft* 1.5  V) 
after  enabling  the  tristate  enable.  Then 
check  to  see  that  the  output  voltage  is 
between  1.0  and  2.0  V.  A load  is  required 
to  cause  the  output  voltage  to  reach  1.5  V 
when  the  device  is  in  high  impedance . 

Tristate  tests  should  be  performed  twice.  Once  with  the 
input  to  the  tristate  output  buffer  low  and  then  again  with  the 
input  high.  There  are  two  reasons  why  this  should  be  done. 

a.  A logical  operation  is  performed  in  the 
circuitry  where  the  tristate  control 
line  disables  the  output  transistors 
(point  a in  Figure  4-6). 
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Input  to  > 

Output  Buffer 


Output 


Output 

Control 


Figure  4-6.  Test  schematic 

The  tests  should  show  that  the  diodes  D1 
and  D2  each  cause  the  pull-down  and  pull-up 
transistors  to  turn  off  respectively.  This 
can  only  be  accomplished  if  the  output  is 
disabled  twice.  Once  when  the  input  to  the 
output  buffers  is  a logic  "1"  and  then  again 
when  it  is  a logic  "0". 

b.  When  measuring  the  three-state  output  leakage 
current  during  parameter  testing,  the  output 
is  usually  forced  to  2.4  or  5*5  volts  and 
then  to  0.4  or  0.5  volts  (Table  4-2).  Most 
methods  used  today  require  the  three-state 
buffer  element  input  line  to  be  programmed 
to  the  opposite  logic  state  of  its  output 
forcing  voltage.  Others  do  not  specify 
preferred  states.  Practice  has  shown  that 
these  methods  do  not  yield  the  worst-case 
current  consistently.  It  is  recommended 
that  the  leakage  tests  be  repeated,  for  a 
logical  "0"  and  ''1",  as  input  conditions 
to  the  output  buffer. 
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Logic  level  at  input 
to  output  buffer 

II  j ft 

"0" 

Forcing  voltages  at 
tristate  buffer 
outputs 

.4  or  .5  V 

.4  or  .5  V 

2.4  or  5.5  V 

2.4  or  5-5  V 

Table  4-2.  Recommended  test  conditions  for  tristate  output 

leakage  tests 


In  propagation  delay  testing  of  complex 
devices,  problems  have  occurred  when 
going  into  the  high-impedance  mode.  If 
the  output  buffers  happen  to  be  preloaded 
with  a zero  and  the  measurement  is  made 
from  the  logic  "1"  level  to  tristate,  race 
conditions  occur  on  the  next  device  clock 
cycle.  The  device  may  try  to  go  to  logic 
"0"  before  it  goes  to  tristate.  The 
opposite  is  true  if  the  measurement  is 
from  a logic  "0"  to  tristate  and  the  buffer 
is  preloaded  with  a "1".  In  both  cases 
an  automatic  tester  could  make  the  output 
delay  measurement  to  the  discontinuity 
that  occurs  at  the  output  rather  than  to 
the  "recovered"  tristate  waveform. 

It  is  therefore  recommended  that  tristate 
delay  measurements  for  clocked  complex 
devices  be  performed  with  specific  pre- 
loaded  logic  levels  on  the  output  buffers . 

For  a logic  "1"  to  tristate  delay  measure- 
ment, the  inputs  to  the  tristate  buffers 
should  be  preloaded  with  "l's".  The  in- 
verse applies  for  a logic  "0"  to  tristate 
level . 

In  summary,  the  proposed  load  of  Figure  4-1  is  recommended 
for  T2L  type  loading  on  future  slash  sheets.  Where  tristate 
propagation  delay  measurements  constitute  a problem  because  of 
large  RC  load  time  constants  (limited  drive  capability  of  the 
device  under  test),  there  are  several  options: 

a.  Calculate  the  delay  time  attributable  to 
the  load  and  subtract  it  from  the  measure- 
ment . 
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b.  Lower  the  effective  load  resistance  during 
tristate . This  would  be  accomplished  under 
tester  program  control. 

c.  Reduce  the  load  capacitance. 

This  load  reduces  component  count,  allows 
adjustment  of  the  threshold  of  the  loads' 
switching  diode  and  provides  a simple  tri- 
state load  for  all  users . 
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SECTION  V 


PROCEDURE  FOR  LSI  FUNCTIONAL 
TEST  DEVELOPMENT 


This  section  describes  the  approach  which  was  used  for  the 
evaluation  of  the  functional  tests  for  the  2901A . 

This  philosophy  was  developed  and  used  on  a previous 
microprocessor  characterization  effort  for  RADC,  but  was 
refined  and  formally  documented  for  the  first  time  on  this 
contract . 

The  approach  consists  of  the  following  steps . 

1.  Generate  a detailed  functional  block  diagram 
by  partitioning  the  processor  Into  basic 
functional  blocks  such  as  registers,  multi- 
plexers, arithmetic  and  logic  functions  and 
Identifying  all  data  paths. 

2.  Test  each  of  the  basic  functional  blocks 
using  proven  test  patterns  which  result  In 

a high  Test  Confidence  Level  (TCL) . In  some 
cases,  these  blocks  can  be  exhaustively  tested 
with  few  vectors. 

3.  Generate  test  patterns  to  verify  the  Integrity 
of  the  data  and  control  paths. 

k.  Verify  that  all  instructions  perform  the 
specified  operations. 

5.  Include  test  patterns  that  check  for  known 
processor  sensitivities.  This  may  Include 
vendor  and  user-supplied  data. 

A gate-level  diagram,  timing  diagram,  and  a block  diagram 
which  shows  the  major  functional  areas  of  the  microprocessor 
and  t he  interconnecting  data  and  control  paths  would  be  valu- 
able for  test  development/evaluation. 

However,  in  many  instances  only  a timing  diagram  and  an 
insufficiently  detailed  block  diagram  are  available.  It  is 
then  necessary  to  develop  a detailed  functional  block  diagram 
based  upon  the  best  available  information  and  verify  Its 
accuracy  with  the  manufacturer. 
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Once  this  is  done,  verification  that  each  of  the  function- 
al blocks  is  tested  using  proven  test  patterns  must  be  accom- 
plished. Following  is  a list  of  the  types  of  tests  required. 

1.  Verify  the  independence  of  each  IC  pin.  This 
is  accomplished  by  checking  that  while  each 
pin  assumes  a one  and  a zero  state  all  of  the 
other  pins,  either  individually  or  collectively, 
are  in  the  complement  state . The  states  of 
input  pins  have  to  be  monitored  unless  they  are 
sensitized  to  the  outputs. 

2 . Verify  that  the  control  lines  perform  the 
intended  functions  and  perform  independent  of 
the  previous  instruction.  This  is  accomplished 
by  activating  each  control  Une  and  checking  that 
address,  data,  and  status  lines  assume  the  correct 
state.  Independence  is  verified  by  activating 
the  control  lines  in  a gallop  type  test  and 
checking  the  response. 

3.  Check  that  the  proper  priority  is  maintained 
when  two  or  more  control  signals  are  applied 
at  the  same  time. 

U.  Verify  the  high  impedance  capability  of  the 
applicable  data  and  status  lines  by  placing 
them  in  the  high  impedance  state  and  measuring 
the  leakage  current . This  should  be  done  with 
the  input  of  the  three-state  buffer  driven  to 
both  a one  and  a zero. 

5.  Verify  the  independence  of  each  line  in  a data 
path  and  that  each  line  can  pass  a one  and  a 
zero.  This  is  accomplished  by  checking  that 
while  each  line  assumes  a one  and  a zero  state, 
the  others,  either  individually  or  collectively, 
are  in  the  complement  state . 

6.  Verify  that  any  identifiable  multiplexer  can 
pass  both  a one  and  a zero  in  each  selection 
position . 

7.  For  serial  arithmetic  adders/subtractors  with 
unknown  mechanizations  apply  all  possible  inputs 
(0  & 0,  0 & 1,  1 & 3,  1 & 1)  to  each  input  pair 
with  the  carry  equal  to  zero  and  then  with  the 
carry  equal  to  one.  This  should  be  done  in  both 
the  add  and  subtract  modes . The  carry  is  either 
the  external  carry  into  the  adder  or  the  carry 
from  the  next  least  significant  bit.  If  the 
subtractor  is  a one  or  two's  complement  sub- 
tractor, these  tests  will  also  verify  that  the 
complementing  circuitry  can  complement  both  a 
one  and  a zero. 
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8.  For  logic  operations  apply  the  following  input 
conditions  to  each  input  pair  of  the  ALU: 

0&0,  0 & 1,  1 4 0,  l&l  during  EXOR 
operations 

0 & 0,  0&1,  1 & 0 during  OR  operations 
0 & 1,  1 & 0,  l&l  during  AND  operations 

9.  For  shift  left  and  shift  right  operations,  verify 
the  shift  of  0 to  0,  0 to  1,  1 to  0,  and  1 to 

1 in  each  direction. 

10.  Check  all  flip-flops  for  0 to  0,  0 to  1,  1 to 
0,  and  1 to  1 transitions. 

11.  Verify  that  the  carry-in  has  no  effect  on  the 
ALU  during  logic  functions. 

12.  Verify  that  special  outputs  such  as  carry, 
carry  generate,  carry  propagate,  overflow,  etc. 
from  an  ALU  operate  properly;  i.e.,  assume  both 

a one  and  a zero  state  and  that  they  occur  at  the 
proper  time.  If  equations  are  provided  for 
their  generation  verify  that  each  of  the  terms 
in  the  equations  affects  the  outputs . 

13.  Verify  the  instruction  set  by  performing  each 
instruction  or  op  code  at  least  once.  Checking 
that  only  the  intended  instruction  is  performed 
verifies  that  the  decode  circuitry  is  function- 
ing properly . 

14.  Verify  register  independence,  bit  Independence, 
and  integrity  of  unique  registers  such  as 
accumulators,  stack  pointers,  index  counters, 
storage  registers,  etc.  Register  Independence 
is  verified  by  writing  into  one  of  the  registers 
and  checking  that  the  others  are  not  affected. 

Bit  Independence  is  shown  by  having  each  bit  in 
the  zero  and  one  state  with  respect  to  all 
other  bits  which  are  in  the  complement  state. 

Integrity  is  verified  by  insuring  that  transi- 
tions from  0 to  0,  0 to  1.  1 to  0,  and  1 to  1 
are  possible  for  each  bit  of  each  static 
register. 
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15.  If  the  device  contains  ;i  RAM,  or  the  unique 
registers  are  configured  as  a RAM,  the 
following  Items  should  be  checked  as  a 
minimum . 

a.  Address  Uniqueness  - Verify 
that  there  are  "W"  independent 
word  locations  in  a "W"  word 
memory  or  that  the  unique 
registers  are  independent. 

This  can  be  accomplished  by 
writing  into  an  address  or 
register  and  verifying  that 

it  was  the  only  address  or 
register  affected  . The  standard 
RAM  tests  which  can  be  used  for 
this  are  Walking-one,  Walking- 
zero;  Galloping-one,  Galloping- 
zero;  or  Write  Recovery. 

b.  Bit  Independence  - Show  the 
Independence  of  each  bit  in  the 
zero  and  one  state  with  respect 
to  all  other  bits  which  are  in 
the  complement  state . This  can 
best  be  accomplished  with  the 
standard  Walking-one,  Walking- 
zero  test. 

c.  Cell  Integrity  - Verify  that 
transitions  from  0 to  0,  0 to  1, 

1 to  0,  and  1 to  1 are  possible 
for  all  bits . This  can  be  accom- 
plished with  the  Walking-one, 
Walking-zero  test  on  RAM's  that 
are  more  than  one  bit  per  word. 

For  single-bit  RAM's,  separate 
tests  have  to  be  performed  for  the 
0 to  0 and  1 to  1 transitions. 

d.  Intercell  Disturbance  (Dynamic 
RAM's  only)  - Maximize  the 
number  of  internal  transitions  to 
test  for  cell-to-cell  interaction. 
This  can  be  accomplished  with  the 
standard  Galloping-one,  Galloping- 
zero  test. 

e.  Data  Retention  (Dynamic  RAM's 
only)  - The  test  for  data 
retention  is  described  in  Item  16. 
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15.  (Continued) 


It  may  be  necessary  to  check  the  following 
Items  for  certain  devices. 

a.  Write  Recovery  - Verify  that 
transitions  from  a write  to  a read 
do  not  cause  access  time  failures . 

This  is  accomplished  by  checking 
all  possible  transitions  from  a 
write  to  a read  . 

b.  Read  Modify  Write  Recovery 
(Dynamic  RAM's)  - Verify  that 
transitions  from  a read  to  a 
write  do  not  cause  incorrect 
information  tc  be  written  into 
the  device . This  is  accomplished 
by  checking  all  possible  transi- 
tions from  a read  to  a write. 

c.  Sense  Amplifier  Recovery 
(Dynamic  RAM's)  - Test  to  insure 
that  sense  amplifiers  respond 
properly  to  a complement  bit  after 
repeated  reads  of  like  data. 

d.  Sense  Amplifier  Response 
(Dynamic  RAM's)  - Test  for  sense 
amplifier  frequency  response  by 
repeatedly  reading  1-0  data 
patterns  at  minimum  read  cycle 
time . 

16.  Check  dynamic  registers  and  buses  for  proper  I 

operation.  The  test  should  verify  that 
sufficient  charge  is  transferred  in  the 
minimum  transfer  time  and  that  sufficient 
charge  is  available  after  the  maximum  storage 
time.  This  is  accomplished  by  varying  the 
power  supply  voltages,  and  clock  amplitudes, 
periods,  widths,  and  delays  to  set  up  the 
worst  case  conditions  described  above. 
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SECTION  VI 


TEST  DEVELOPMENT  FOR  THE  2901A  MICROPROCESSOR 
Introduction 

This  evaluation  reviewed  the  proposed  tests  which  Vendor  A 
submitted  for  use  in  the  slash  sheet  for  the  2901  A.  The  approach  used 
to  analyze  these  tests  is  presented  in  Section  V.  The  logic  block  diagram 
which  was  used  is  from  Vendor  A's  catalog  and  is  shown  in  Figure  6-1. 

Summary  of  Functional  Test  Evaluation 

Two  sets  of  Vendor  A's  functional  tests  were  reviewed.  The  first 
set  submitted  for  review  was  in  place  at  Vendor  A's  facility  and  con- 
tained approximately  300  vectors.  The  analysis  disclosed  several 
deficient  areas  as  follows: 

1.  All  functions  were  not  performed  by  the  ALU. 

2.  All  destination  codes  were  not  checked. 

3.  There  were  vectors  where  the  expected  results  could  be  caused 
by  more  than  one  set  of  inputs  -i.e. , the  expected  output  when 
performing  D + Q could  also  be  obtained  by  performing  D + A. 

4 . It  was  not  shown  that  Cn  was  irrelevant  during  logic  functions . 

5.  Errors  existed  in  the  vectors  -i.e. , during  shift  tests  the  Y 
outputs  were  changing  in  reversed  order  of  significance. 

Prior  to  implementation  of  corrective  action,  a second  set  of  func- 
tional tests  was  submitted  for  review.  This  set  was  more  extensive  and 
reflected  Vendor  A's  improved  test  capability  in  a new  automatic  tester. 
This  test  vector  set  consisted  of  approximately  5000  vectors  and  was 
more  consistent  with  modern  test  techniques  for  LSI  devices. 

After  the  initial  evaluation  of  this  set,  Vendor  A was  contacted  and 
the  deficient  areas  were  discussed.  Vendor  A agreed  to  incorporate 
many  changes  which  would  enhance  the  test.  Since  a modified  version 
of  the  functional  test  had  not  been  received  from  Vendor  A at  the  time  of 
the  writing  of  this  report  it  was  decided  to  include  the  vectors  which 
General  Electric  recommended  for  addition  to  the  existing  functional 
test. 

Discussion 

The  following  is  a description  of  the  evaluation. 

1 . When  checking  for  pin  independence  it  was  found  that  approximate- 
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ly  93%  of  the  1256  combinations  were  included  in  the  test.  Vendor 
A was  not  receptive  to  changes  in  the  test  to  improve  this  per- 
centage. They  indicated  that  if  a short  existed,  it  would  be 
detected  during  parametric  tests  if  it  was  not  caught  in  the  func- 
tional test.  GE  feels  that  the  functional  test  should  be  a stand- 
alone test  capable  of  detecting  this  type  of  fault.  This  allows  the 
user  to  run  only  the  functional  test  for  screening  purposes  while 
maintaining  a high  level  of  confidence  in  the  part.  Therefore 
GE  has  included  vectors  to  verify  the  independence  of  the 
remaining  pin  combinations. 

2 . The  inputs  that  were  considered  as  control  lines  were  JJE  and 
I8_6.  <JE  was  held  low  throughout  the  functional  test  thus  keeping 
the  Y outputs  enabled.  However,  it  should  be  taken  high  at  points 
during  the  functional  test  where  the  high  impedance  capability  of 
the  Y outputs  can  be  checked  with  the  inputs  of  the  buffers  being 
driven  both  high  and  low.  Vectors  which  accomplish  this  were 
added  by  GE. 

Control  inputs  Ig_g  were  exercised  during  the  functional  test. 
However,  the  RAM3,q  and  03,0  outputs  were  don’t  cares  in  all 
but  the  RAM  shift  and  Q shift  tests.  It  was  never  verified  that 
these  three-state  outputs  which  are  connected  to  TTL  inputs 
internal  to  the  2901A  can  ever  go  into  the  high  impedance  state. 
GE  added  vectors  during  which  the  destination  codes  are  cycled 
through  and  these  outputs  are  monitored. 

3.  The  data  paths  in  the  2901A  were  checked  for  independence.  It 
was  found  that  the  four  lines  from  the  A latch  to  the  Y outputs 
were  always  either  all  l's  or  all  0's.  When  contacted,  Vendor  A 
replied  that  they  were  considering  adding  tests  to  cover  this  area. 
However,  they  added,  some  of  the  other  existing  tests  would  be 
affected  if  these  lines  were  shorted  since  the  inputs  to  the  ALU 
would  also  be  shorted.  Further  investigation  by  GE  revealed 

the  existence  of  a fault  which  could  affect  the  Y outputs,  but  not 
the  ALU  inputs,  and  which  would  not  be  detected  if  the  four  lines 
were  always  all  0’s  or  all  l’s.  GE  added  vectors  that  test  for 
the  above  mentioned  fault  and  show  data  path  independence. 

4.  During  verification  of  the  multiplexers,  a problem  was  found  in 
the  multiplexer  on  the  S inputs  of  the  ALU.  The  B inputs  were 
never  l's  when  the  multiplexer  was  supposed  to  pass  a 0 through 
the  Q or  A inputs.  This  condition  is  required  to  show  that  the  B 
select  input  is  operating  properly.  Vectors  were  added  to  ensure 
proper  operation  of  the  multiplexer. 
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5.  The  parallel  adder  in  the  ALU  was  thoroughly  tested  in  that  all 
possible  combinations  of  inputs  were  added  to  each  other  with 
the  carry  equal  to  zero  and  then  with  the^arry  equal  to  one. 

This  test  also  verified  the  generation  of  P , G,  Cn+4  > an<*  OVR 
by  the  ALU.  Although  all  possible  combinations  were  not  per- 
formed during  S-R  and  R-S  subtraction  they  were  not  necessary. 
The  only  tests  required  here  are  for  the  inverters  used  ahead 

of  the  adder  during  subtraction.  These  were  done. 

All  four  input  combinations  were  applied  to  each  set  of  inputs  in 
the  ALU  during  logic  functions.  However,  it  was  not  shown  that 
Cn  had  no  effect  on  the  ALU  during  the  logic  functions.  At  first, 
Vendor  A felt  that  because  of  the  implementation  of  the  carry  in 
circuitry,  it  was  not  necessary  to  have  Cn  = 1.  After  further 
investigation  they  indicated  that  the  test  should  be  changed  to 
verify  the  irrelevance  of  Cn  during  logic  functions.  GE  added 
vectors  which  accomplish  this. 

6.  The  2901A  has  nine  instruction  control  lines  which  are  used  in 
groups  of  three  to  determine  the  source  of  the  data  to  be  operated 
on,  the  function  performed  by  the  ALU,  and  the  destination  of 
the  result.  The  source,  function,  and  destination  codes  are 
decoded  by  circuitry  divided  into  three  separate  parts.  This 
allows  each  group  of  three  lines  to  be  checked  separately.  The 
source  and  function  codes  were  each  cycled  through  their  eight 
possible  codes.  However,  the  outputs  of  the  source  code  tests 
are  not  unique  -i.e.  operating  on  A and  B gives  the  same  result 
as  operating  on  0 and  A or  D and  Q.  Vendor  A agreed  that  the 
outputs  of  these  tests  should  be  unique.  GE  revised  the  source 
code  tests  to  provide  unique  outputs  and  included  these  in  the 
slash  sheets. 

The  function  codes  were  checked  thoroughly.  The  memory  was 
preloaded  with  the  content  equal  to  the  address.  Then  all  of  the 
functions  were  performed  while  operating  on  A and  B.  This  was 
done  for  every  set  of  A and  B addresses  and  then  with  the  A 
address  equal  to  the  inverse  of  the  B address . This  applied  all 
four  possible  input  combinations  to  each  set  of  inputs  on  the  ALU 
for  both  the  arithmetic  and  logic  functions . 

All  of  the  destination  codes  were  used  during  the  test.  However, 
the  results  were  not  always  checked  to  verify  that  each  one  did 
what  it  was  supposed  to  do. 


The  following  problem  areas  existed  in  the  check  of  the  destina- 
tion codes. 

a.  It  was  not  verified  that  the  RAM  was  not  being  loaded 
when  octal  code  0 was  used . 

b.  It  was  not  verified  that  the  output  of  the  ALU  was  being 
loaded  into  the  RAM  and  that  the  Q register  was  not  being 
loaded  when  octal  code  2 was  used. 

Vendor  A agreed  that  these  codes  should  be  checked  and  indicated 
that  a modified  RAM  shift  test  and  a modified  Q shift  test  would 
test  them.  The  added  vectors  which  cycle  through  the  destination 
codes  thoroughly  check  all  of  them. 

7.  The  vectors  verified  that  the  Q register  and  the  RAM  were  inde- 
pendent. They  also  verified  bit  independence,  cell  integrity,  and 
shift- left-shift-right  operation  of  the  Q register. 

However,  the  Q register  was  never  checked  when  the  clock  was 
low  to  verify  that  it  was  not  written  into  on  the  high  to  low  transi- 
tion of  the  clock.  GE  feels  that  this  should  be  checked  to  verify 
the  proper  operation  of  the  Q register  and  has  included  this  condi- 
tion in  the  added  vectors . 

8.  Address  uniqueness,  and  shift- left- shift- right  operation  of  the 
RAM  were  verified.  The  shift  tests  were  performed  only  on 
address  zero,  but  this  was  adequate  since  the  multiplexers  used 
for  the  shift  operation  are  common  to  all  addresses. 

Cell  integrity  was  partially  checked.  Additional  vectors  were 
added  to  the  slash  sheet  by  GE  to  complete  these  tests. 

Bit  independence  was  verified  thoroughly  for  RAM  address  zero 
during  the  RAM  shift  test  but  only  partially  for  the  other 
addresses.  Vendor  A said  that  they  would  modify  the  RAM  shift 
test  to  show  bit  independence  for  all  addresses  . GE  repeated 
the  existing  RAM  shift  test  for  the  other  fifteen  addresses. 

Data  from  the  RAM  can  be  read  through  the  A and  B ports  which 
are  controlled  by  the  A and  B address  lines  respectively.  It  was 
verified  that  data  could  be  read  out  through  both  ports  at  the  same 
time  and  that  they  could  be  addressing  the  same  or  different 
memor  locations.  It  was  also  verified  that  the  A and  B latches 
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are  locked  out  when  the  clock  is  low  and  that  they  track  the  out- 
put of  the  RAM  when  the  clock  is  high. 


It  was  shown  that  the  B address  lines  control  the  destination  of 
data  written  into  the  RAM. 

In  test  set  1 the  RAM  was  loaded  by  cycling  through  the  addresses 
and  changing  the  data  inputs  while  holding  the  clock  low.  Also 
the  destination  code  was  set  up  to  load  the  RAM  and  the  inputs  to 
it  changed  while  the  clock  was  high.  These  two  items  verified 
that  the  RAM  can  be  written  into  when  the  clock  is  low  and  is  not 
changed  when  the  clock  is  high . This  was  not  included  in  the 
second  set  of  vectors.  GE  feels  it  is  important  to  verify  the 
proper  operation  of  the  clock  and  has  included  these  conditions 
in  the  added  vectors . 

9.  The  functional  test  for  the  2901 A was  run  at  approximately  1 MHz. 
GE  believes  that  running  at  the  maximum  clock  rate  provides  a 
better  test  in  that  internal  timing  of  the  device  would  be  worst- 
case  checked.  For  the  switching  speed  tests,  the  manufacturer 
selected  the  worst-case  paths  and  these  were  the  only  ones 
exercised.  Running  the  present  functional  test  at  speed  (approxi- 
mately 9 MHz)  is  not  possible  because  many  of  the  outputs  may 
not  stabilize  in  time.  For  example,  a read-modify- write  may  be 
done  on  the  RAM,  but  the  new  information  has  to  propagate 
through  the  ALU  to  the  outputs.  This  could  take  longer  than  the 
110  nanosecond  minimum  clock  period. 

As  a compromise,  the  test  should  be  run  with  a 200  nanosecond 
clock  period.  This  is  to  allow  for  the  worst-case  set-up  and 
propagation  delay  times  of  the  device. 

A figure  (13)  was  added  to  the  slash  sheet  to  cover  the  timing 
requirements  for  the  functional  test.  The  notes  for  the  functional 
test  were  also  clarified  and  the  input  levels  changed  to  thresholds. 
Copies  of  the  timing  diagram  and  revised  notes  are  included  in 
Appendix  A. 

GE  also  included  a read-modify-write  test  and  its  timing  diagram 
shown  in  Appendix  A.  This  test  is  designed  to  run  with  a 110- 
nanosecond  clock  period. 

Description  of  Added  Vectors 

The  added  vectors  are  divided  into  five  sets  which  can  be  found  in 
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Appendix  A.  The  following  describes  the  function  of  each  set  and  where 
it  should  be  inserted  in  Table  V . 

Set  1 - This  set  of  vectors  should  be  added  to  Test  Group  33  between 
Test  Numbers  0442  and  0443.  It  cycles  through  the  eight  function  codes 
with  Cn*l  to  verify  that  Cn  is  irrelevant  during  logic  functions. 

Set  2 - This  set  of  vectors  should  replace  Test  Group  33 , Test  Num- 
bers 0000  through  0022 . It  provides  a source  code  test  that  has  unique 
outputs . 

Set  3 - This  set  of  vectors  should  be  added  to  Test  Group  33  after 
Test  Number  2735.  It  is  the  expanded  PAM  Shifting  test  which  is  used  to 
verify  bit  independence  for  RAM  addresses  one  through  fifteen. 

Set  4 - This  set  of  vectors  should  be  added  as  Test  Group  44.  It  is 
the  read- modify- write  test  for  the  RAM. 

Set  5 - This  set  of  vectors  should  be  added  as  Test  Group  30.  It  was 
added  to  accomplish  the  following: 

1.  Check  the  destination  codes  to  verify  that  the  RAM  and  Q regis- 
ter are  properly  loaded  or  left  unchanged  by  each  one.  It  also 
verifies  that  the  RAMg , RAMq,  Qg , and  Qq  pins  are  in  the  high 
impedance  state  when  they  should  be. 

2.  Show  the  independence  of  the  uata  path  from  the  A latch  to  the 
Y outputs. 

3.  Apply  l's  to  the  B inputs  of  the  S multiplexer  while  B is  not 
selected  to  verify  that  the  B select  input  is  not  S-A-l. 

4.  Apply  many  of  the  conditions  required  for  the  pin  independence 
checks.  The  remainder  were  applied  in  the  other  added  vectors. 

5.  Verify  that  the  Y outputs  are  in  the  high  impedance  state  when 
OE  = 1. 

6.  Check  the  Q register  when  the  clock  is  low. 

7.  Load  different  RAM  addresses  by  changing  the  B and  D inputs 
while  the  clock  is  low. 

8.  Verify  that  data  is  not  written  into  the  RAM  when  the  clock  is 
high. 


VI-6 


Summary  of  the  Switching  Speed  Tests 


This  evaluation  reviewed  the  switching  speed  tests  which  Vendor  A 
had  proposed  for  use  in  the  slash  sheet  for  the  2901 A.  The  approach 
was  different  in  that  it  proposed  the  use  of  algorithms  to  generate  the 
input  patterns . 

To  evaluate  the  tests,  it  was  necessary  to  verify  that  the  algorithms 
provided  the  patterns  to  measure  all  of  the  required  switching  parameters 
and  that  the  worst-case  paths  were  being  exercised  during  the  tests. 

The  initial  review  of  the  switching  test  information  in  the  slash  sheet 
for  the  2901 A revealed  that  it  was  deficient  in  many  areas,  and  many 
questions  were  raised.  The  information  presented  was  incomplete  and 
confusing  and,  therefore,  extremely  difficult  to  evaluate.  It  was  found 
that  many  changes  would  have  to  be  made  to  complete  and  clarify  the 
information  provided. 

Discussion 

The  following  is  a list  of  comments  on  the  switching  tests  and  GE's 
recommendations: 

1.  Table  III  C did  not  use  standard  symbols  for  the  parameters  being 
measured  and  it  was  not  in  the  format  used  in  other  slash  sheets. 

The  format  was  revised  and  additional  information,  described  in 
detail  in  the  remaining  comments,  was  added.  A copy  of  the  revised 
table  (which  is  now  labelled  III  B)  is  included  in  Appendix  A. 

2 . The  values  in  Table  III  C for  the  measured  parameters  did  not  agree 
with  those  given  in  the  manufacturers’  "Final  Data"  sheet  dated 
June,  1977.  Of  greater  importance,  however,  is  the  requirement 
that  the  values  given  can  be  met  by  all  manufacturers  of  the  2901  A. 
The  values  included  in  Table  III  B by  GE  are,  in  most  instances,  the 
worst-case  value  from  the  Vendor  A and  Vendor  B data  sheets  and 
are  given  for-55°C  and  +125°C.  The  worst -case  values  (Vendor  A) 
were  not  used  for  the  propagation  delays  from  any  of  the  inputs  to  F3 
and  F=*  9.  Their  data  sheet  specifies  the  delay  from  any  input  to 
either  the  Y outputs  or  F3  as  being  equal.  This  would  indicate  a zero 
delay  through  the  multiplexer  and  tri-state  buffers  on  the  Y outputs. 
Also  their  delay  from  any  input  to  F = 0 is  15  to  20  nanoseconds 
longer  than  the  delay  from  the  same  input  to  the  Y outputs.  Vendor  B 
specifies  these  delays  as  being  approximately  equal  which  is  more 
reasonable  based  on  the  functional  block  diagram  of  the  device. 
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Values  for  +25°C  have  to  be  obtained  from  the  vendors  since  they 
should  be  tighter  than  those  specified  for  the  temperature  extremes. 

3.  The  timing  diagram  in  the  preliminary  slash  sheet  was  divided 

' into  three  diagrams  which  were  not  sufficient  in  that  they  reflected 
the  way  Vendor  A chose  to  do  the  test  on  their  particular  tester. 

GE  expanded  these  into  six  diagrams  (Figures  7 through  12  in  the 
slash  sheet)  which  are  clearer  and  which  show  the  parameters 
being  measured.  Copies  are  included  in  Appendix  A. 

4.  Several  of  the  patterns  were  identical  and  therefore  unnecessary  in 
the  slash  sheet.  Patterns  1,3,6  and  8 were  identical,  2 and  7 were 
identical,  4 and  9 were  identical  and  5 and  10  were  identical.  Vendor 
A said  they  were  identified  separately  because  each  one  is  stored  on 

a separate  page  in  their  tester  memory.  GE  felt  that  only  one  pattern 
from  each  group  should  be  included  in  the  slash  sheet.  A vendor 
could  duplicate  and  rename  any  pattern  desired,  if  it  makes  program- 
ming or  testing  easier.  Therefore,  patterns  3,  6,  7,  8,  9,  and  10 
were  eliminated  and  the  others  were  renumbered  as  follows: 

Old  Number  New  Number 

1 1 

2 2 

4 3 

5 4 

11  5 

Patterns  6,  7,  and  8 which  will  be  described  later  were  also  added. 

The  format  of  the  old  patterns  was  also  tester  oriented  and  at  times 
difficult  to  follow.  GE  rewrote  them  in  a more  general  language  and 
also  developed  flowcharts  for  them.  Copies  of  the  revised  patterns 
and  the  flowcharts  are  included  in  Appendix  A. 

5.  The  outputs  of  these  patterns  were  not  given  so  it  was  not  apparent 
when  a measurement  should  be  made.  Vendor  A has  their  tester 
learn  the  outputs  of  the  patterns  by  running  a known  good  device  and 
storing  the  results  for  future  comparison.  This  is  an  acceptable 

• method  if  the  tester  being  used  has  the  learn  capability  and  if  the 
known  good  device  is,  in  fact,  good.  GE  feels  that  a listing  of  the 
outputs  should  be  included  as  part  of  the  slash  sheet  and  be  available 
from  DESC  on  request.  This  would  make  it  possible  for  anyone 
to  use  the  patterns  without  wading  through  them  to  determine  when  to 
make  a measurement.  GE  requested  and  received  listings  of  these 


VI- 8 


|l I ""  - ULIIIU*  I ■ '•' - 


outputs  from  Vendor  A.  Reviewing  them  helped  clarify  the  algorithms 
and  also  uncovered  some  errors  in  the  algorithm  listings  in  the  slash 
sheet . 

6.  During  the  analysis  of  the  patterns,  it  was  found  that  some  of  them 
contained  redundancies;  i.e. , the  same  group  of  lines  were  repeated 
or  the  same  variable  could  be  measured  using  different  portions  of 
the  same  pattern.  Vendor  A said  some  of  the  redundancies  developed 
as  the  patterns  were  modified  to  allow  measurements  not  previously 
done.  Since  deleting  some  of  these  might  destroy  the  intent  of  the 
test  it  was  decided  not  to  change  the  patterns. 

7.  During  the  analysis  of  the  patterns,  the  question  arose  whether  or  not 
the  worst- case  paths  were  being  used  for  all  of  the  measurements. 

For  example,  in  all  patterns  except  4 and  5 the  ALU  is  in  the  ADD 
mode.  When  asked  about  this,  Vendor  A replied  that  the  worst-case 
path  is  being  exercised  in  all  cases.  GE  suggested  running  the 
switching  tests  at  the  same  time  as  the  functional  tests  thus  guaran- 
teeing that  all  possible  paths  are  exercised.  Vendor  A said  they  set 

"up  separate  tests  because  it  is  important  to  them  to  differentiate 
between  functional  and  parametric  failures.  Without  having  access 
to  a complete  logic  diagram  for  the  2901A,  GE  cannot  verify  that  the 
worst-case  paths  are  indeed  being  used.  GE,  however,  did  analyze 
each  pattern  to  verify  that,  at  a minimum,  all  paths  between  blocks 
were  exercised. 

The  paths  from  the  A latch  to  the  multiplexer  on  the  R inputs  of  the 
ALU  were  never  checked.  This  can  be  easily  accomplished  by  running 
pattern  2 with  the  A inputs  under  test.  This  was  added  to  Table  III 
B for  tests  on  the  A inputs. 

Also  not  checked  were  the  F-^B  and  F-^Q  paths  during  the  measure- 
ment of  delays  from  the  clock  in  pattern  4.  Although  the  data  sheet 
specifies  that  the  clock  is  not  in  the  critical  speed  path  if  the  Q 
register  is  not  a source,  Vendor  A could  not  provide  an  explanation 
of  why  the  RAM  and  the  A or  B latch  did  not  require  as  long  a time 
to  operate  as  the  Q register.  Therefore  GE  felt  that  the  paths  through 
the  RAM  should  also  be  exercised.  Tests  were  added  to  the  end  of 
pattern  4 to  exercise  the  F-*»B  and  F-^Q  paths. 

8.  GE  also  found  that  certain  set-up  times  and  none  of  the  hold  times 
given  on  the  data  sheet  were  being  measured  in  the  slash  sheet.  The 
set-up  times  not  measured  are  B destination,  D (I  = X 37),  and  RAMq, 
RAM3,  Qq,  Q3.  Also,  the  switching  tests  are  done  with  the  clock  input 
at  its  minimum  low  width  but  never  at  its  minimum  high  width,  minimum 
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period,  or  maximum  frequency  to  shift  the  Q register.  When  ques- 
tioned about  this,  Vendor  A said  that  these  tests  were  done  on  the 
bench.  Whether  they  are  done  on  an  automatic  tester  or  on  the 
bench  they  should  be  incorporated  into  the  slash  sheet. 

In  addition,  the  set-up  times  for  Cn  and  the  D inputs  were  not 
measured  while  they  could  affect  loading  of  the  Q register.  The  set- 
up time  for  C_  was  measured  only  when  it  was  affecting  address  zero 
of  the  RAM. 

Patterns  1 and  3 have  been  modified  to  allow  these  measurements  to 
be  made  on  Cn  and  the  D inputs.  Pattern  6 was  added  to  measure  the 
set-up  times  for  B destination  and  D (I  = X37).  Measurement  of 
most  of  the  hold  times  was  incorporated  into  the  combinational  propa- 
gation delay  time  tests  by  having  the  return  to  complement  occur 
after  a hold  time  of  0 nanoseconds.  Patterns  7 and  8 were  added  to 
measure  the  set-up  and  hold  times  for  Q3,Qo>  RAM3  and  RAMq* 

The  minimum  high  time  and  maximum  frequency  to  shift  the  Q regis- 
ter were  incorporated  into  the  functional  test  which  is  now  going  to  be 
at  5 MHz.  GE  added  a read-modify- write  test  which  is  run  at  the 
minimum- clock  period. 

9.  It  was  also  found  that  Table  I did  not  specify  any  of  the  parameters 
that  were  being  measured  in  the  switching  tests.  These  were  added 
and  a copy  of  the  revised  Table  is  included  in  Appendix  A.  The  loads 
called  out  for  the  switching  tests  have  also  been  modified  to  better 
represent  what  the  device  will  see  in  actual  use.  The  device  is  now 
run  at  full  load  during  the  switching  tests.  Also,  the  revised  load 
can  be  used  on  three- state  outputs  without  requiring  the  ooeuing  and 
closing  of  switches  as  was  necessary  with  the  previous  load.  A copy 
of  the  new  loads  is  included  in  Appendix  A. 


I 


FIGURE  6-1.  2901A  BLOCK  DIAGRAM 


SECTION  VII 


GENERATION  OP  LOGIC  INTEGRITY  TESTS  FOR  THE  8212 


Introduction 

Test  vector  development  for  the  8212  consisted  of  the 
following: 

1.  hand  generation  of  an  Initial  vector  set 

2.  computer  simulation  to  check  the  test  vector 

effectiveness  for  Vendor  C's  8212 

3.  modification  of  the  vector  set  to  catch  undetected 

faults 

4.  computer  simulation  to  check  the  test  vector 

effectiveness  for  Vendor  D's  8212 

5.  modification  of  the  set  to  check  undetected  faults 

6.  development  of  Tektronix  S-3260  test 

7.  testing  of  devices  with  test  vectors 

Circuit  P?gc,ripUpn 

! 

The  8212  Input/output  port  consists  of  an  8-blt  latch  with 
3-state  output  buffers  along  with  control  and  device  selection 
logic.  Also  Included  is  a service  request  flip-flop  for  the 
generation  and  control  of  interrupts  to  the  microprocessor. 

The  device  can  be  used  to  implement  latches,  gated  buffers  or 
multiplexers . 

Vector  and  Model  Development 

Figures  7-1  and  7-2, respectively,  illustrate  Vendor  C's 
and  Vendor  D's  8212  implementation.  The  devices  are  function- 
ally identical,  but  have  differences  in  their  combinational 
circuits . 

■ 

The  B-LASAR  computer  simulation  required  that  both  8212 Is 
be  modeled  at  the  gate  level.  Since  the  exact  implementation 
of  the  service  request  (SR)  and  the  data  flip-flops  Is  unknown, 
models  were  chosen  based  upon  the  manufacturer's  functional 
descriptions . 

The  SR  flip-flop  was  modeled  as  the  D-type  flip-flop  shown 
in  Figure  7-3.  This  model  was  suggested  by  the  D-LASAR  user's  i 

manual  as  one  that  would  not  exhibit  race  conditions  that  the  j 

simulation  program  could  not  handle.  I 
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The  data  latch  model  Is  shown  In  Figure  7-4.  It  has  the 
following  characteristics: 

1 . Input  data  is  latched  to  the  output  when  the  clock 
goes  from  1 to  0. 

2.  The  reset  input  is  effective  only  when  the  clock 
is  at  0. 

3.  When  the  clock  is  1 (reset  can  be  1 or  0),  the 
output  tracks  the  input. 

Since  the  eight  data  latches  are  identical,  only  one  was 
included  in  the  computer  simulation  model.  This  simplification 
saved  computing  time  since  the  program  would  have  treated  each 
latch  separately  and  generated  an  unncessarily  large  number  of 
vectors . 


Results  of  Vendor  C's  8212  Simulation 

The  program  evaluated  the  34  hand -gene rated  vectors  on 
Vendor  C's  8212,  added  three  buffer  vectors  to  prevent  race- 
conditions,  and  listed  several  failures  that  were  not  caught. 
These  37  vectors  (1  - 37  in  Table  7-1)  result  in  a Test  Con- 
fidence Level  (TCL)  of  92.6 %.  Three  of  the  failures  not  caught 
are  undetectable.  These  are  stuck-at-one  (S-A-l)  failures 
indicated  by  the  Xs  in  Figure  7-3.  The  remaining  failures  not 
caught  were  a stuck-at-zero  (S-A-0)  fault  on  an  input  of  the 
NOR  gate  feeding  the  SR  flip-flop  (Figure  7-1)  and  faults  that 
can  be  detected  by  placing  the  output  drivers  in  the  high 
impedance  (HIZ)  state  and  checking  output  leakage. 

Since  the  gate  level  implementation  of  the  latches  is 
unknown,  all  possible  input  conditions  were  applied  to  the 
latches  by  appending  the  vector  set. 

Figure  7-5  lists  all  possible  conditions  for  the  SR  flip- 
flop.  A 4 indicates  a 0 to  1 transition,  a f indicates  the 
inverse.  Figure  7-6  lists  all  possible  input  conditions  for  the 
data  latches.  Next  to  each  input  in  Figure  7-5  and  7-6  are  two 
numbers  corresponding  to  the  vectors,  from  Table  7-1 » that 
provide  the  input  conditions . Since  vectors  I through  37  cover 
the  majority  of  latch  input  conditions,  it  was  certain  that  the 
remaining  input  conditions  could  be  checked  without  a large 
expansion  of  the  vector  set.  Thus,  vectors  38  through  56  in 
Table  7-1,  were  added  to  cover  the  input  conditions  and  to 
cover  the  S-A-0  fault  at  the  NOR  gate  input.  Finally,  8 more 
vectors  (57  - 64)  were  added  to  verify  the  independence  of  each 
data  latch.  (Three  input  conditions  to  the  SR  flip-flop  were 
inadvertently  left  unchecked  by  the  vector  set  developed  thus 
far.  The  unchecked  conditions  were  later  covered  by  vectors 
70  - 73). 
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Examination  of  Vendor  D's  implementation  revealed  that 
although  the  combinational  network  performed  a function  identi- 
cal to  the  network  in  Vendor  C'e  device,  the  required  test 
vectors  were  not  necessarily  identical . The  latches  might  not 
be  implemented  identically  to  Vendor  C's,  but  they  are  tested 
exhaustively  by  vectors  1 through  56,  and  therefore  need  no 
additional  consideration. 

Vendor  D's  device  (with  only  one  data  latch)  was  simulated 
using  the  D-LASAR  program.  Vectors  1 through  56  were  applied. 

The  results  indicated  that  a stuck-at-one  fault  was  not  checked  on 
the  gate  input  marked  by  an  X in  Figure  7-2.  Thus,  vectors  65 
through  69  were  added  to  insure  a check  on  this  fault. 

The  last  group  of  vectors  in  Table  7-1  placed  the  drivers 
in  the  HiZ  state.  By  performing  output  leakage  tests  the  HiZ 
state  is  verified. 

All  the  vectors  in  Table  7-1  constitute  a 100#  TCL  for 
functional  testing  (assuming  the  leakage  tests  are  performed) 
of  Vendor  C's  and  D's  8212s. 

3260  Test 

A test  program  was  developed  to  be  run  on  the  Tektronix 
3260  tester.  This  program  functionally  tests  the  device  by 
applying  the  set  of  input  vectors  described  above  to  the  device 
and  checking  the  resulting  output  states  against  the  expected 
output  vectors . Included  in  the  program  are  several  propagation 
delay  measurements . The  reference  Table  for  these  measurements 
is  Table  7-2.  Appendix  B contains  the  wiring  list  for  the 
socket  card,  a copy  of  the  test  program,  test  pattern  file,  pin 
assignment  program,  and  load  card  diagram. 
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CASH  j TERMINAL  CONDITIONS  (PINS  NO  I DESIGNATED  ARE  OPEN) 


NOTES:  1.  L = 0.45' 

2.  A = 2.0V 

3.  Z = High 


(.ASH  I TERMINAL  CONDITIONS  (PINS  NOT  DESIGNATED  ARE  OPEN) 


NOTES:  1.  L = 0.45’ 

2.  A = 2.0v 

3.  Z - High 


CASK  TERMINAL  CONDITIONS  (PINS  NOf  DESr.NArED  ARE  OPEN) 


NOTES:  1.  L = 0.45V  MAx  H * 3.65V  Min 

2.  A = 2.0V  B = 0.85V 

3.  Z = High  Impedance  State 

In7  = + 20  juA  Max  at  Vn  = .45  and  4 .5V 
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Figure  7-1.  Vendor  C's  8212  eight  bit  port 
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Possible  data  latch  Inputs 
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DEVELOPMENT  OP  A LOGIC  INTEGRITY  TEST 
FOR  THE  2918  QUAD  D REGISTER 


Objective 

Develop  Logic  Integrity  tests  for  the  2918  Quad  D Register 
with  standard  and  three-state  outputs. 

Circuit  Description 


The  2918  is  a quadruple  D-type  register  with  four  standard 
totem  pole  outputs  and  four  three-state  bus-type  outputs.  It  is 
a 16-pin  device  that  also  features  a buffered  common  clock  (CP) 
and  a buffered  common  output  control  (55)  for  the  Y outputs.  The 
same  data  that  is  on  the  Q outputs  is  enabled  at  the  three-state 
Y outputs  when  55  input  is  LOW.  When  55  input  is  HIGH,  the  Y 
outputs  are  in  the  high  impedance  state.  Information  meeting 
the  set-up  and  hold  requirements  on  the  D inputs  is  transferred 
to  the  Q outputs  on  the  LOW-to-HIGH  transition  of  the  clock. 

Vector  Generation 


The  2918  logic  diagram  and  truth  table  are  shown  in  Figure 
8-1.  The  2918  test  vectors  were  generated  by  hand.  All  possible 
input  combinations,  which  are  listed  in  Figure  8-2,  are  applied 
to  each  D-type  flip-flop.  The  tests  on  the  DO  and  D2  latches 
are  staggered  relative  to  those  on  the  D1  and  D3  latches  to  ver- 
ify isolation  between  the  two  pairs.  The  last  eight  vectors  in 
Table  8-1  check  the  disabled  state  on  the  high  impedance  outputs 
and  verify  isolation  between  DO  and  D2  and  between  D1  and  D3. 

The  vector  set  produces  a 100#  Test  Confidence  Level  (TCL) . 
Since  the  set  is  exhaustive,  the  vectors  will  test  any  imple- 
mentation of  the  2918  as  long  as  it  is  functionally  identical  to 
Vendor  A's  device. 

3260  Test 

A test  program  was  developed  for  a Tektronix  3260  automatic 
tester.  This  program  functionally  tests  the  device  by  applying 
the  set  of  input  vectors  described  above  to  the  device  and  check- 
ing the  resulting  output  states  against  the  expected  output 
vectors . It  also  tests  for  leakage  while  the  Y outputs  are  in 
the  high  Impedance  state.  Appendix  C contains  the  wiring  list 
for  the  socket  card,  a copy  of  the  test  program,  pin  assignment 
program  and  test  pattern  file. 
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Figure  8-1.  2918  logic  diagram  and  truth  table 
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SECTION  IX 


DEVELOPMENT  OP  LOGIC  INTEGRITY  TESTS  FOR  THE  2905, 
2906,  2907,  2915,  2916,  AND  2917 
QUAD  BUS  TRANSCEIVERS 


Objective 

Develop  Logic  Integrity  Tests  for  the  2905,  2906,  2907. 

2915,  2916,  and  2917  Quad  Bus  Transceivers  ( MIL-M- 38510/441) . 

Circuit  Description 

The  2905»  2906,  2907,  2915>  2916  and  2917  are  high-perfor- 
mance, low-power  Schottky  bus  transceivers.  The  devices 
consist  of  four  D-type  edge -triggered  flip-flops  with  a buffered 
common  clock.  This  common  clock  (DRCP)  enters  data  Into  the 
flip-flop  registers  on  the  low-to-high  transition.  The  2915, 

2916  and  2917  flip-flop  outputs  are  connected  to  four  three- 
state  bus  drivers.  The  2905,  2906  and  2907  flip-flop  outputs 
are  connected  to  four  open-collector  bus  drivers.  The  data  fi-om 
the  D-type  flip-flop  Is  Inverted  at  the  bus  output.  The  bus 
enable  Input  (BE)  Is  used  to  force  the  driver  outputs  to  the 
hlgh-lmpedance  state.  When  BE  Is  HIGH,  the  driver  Is  disabled. 
Each  bus  driver  Is  Internally  connected  to  the  Input  of  a 
receiver.  The  four  receiver  outputs  drive  four  D-type  latches 
and  are  non-inverted  from  the  driver  Input  to  D-type  latch  out- 
put. The  four  latches  are  controlled  from  the  buffered  receiver 
enable  (RLE)  Input.  When  the  BEE  Input  Is  LOW,  the  latch  Is 
open  and  the  latch  outputs  will  follow  the  bus  Inputs.  When  the 
BEE  Input  Is  HIGH,  the  latch  will  close  and  retain  the  present 
data  regardless  of  the  bus  Input. 

The  2905  , 2907  , 2915  and  2917  D-type  latches  have  three- 
state  Inverter-buffer  outputs.  The  output  state  Is  controlled 
by  a buffered  common  three-state  control  (BE)  Input.  When  BE 
Is  HIGH,  the  outputs  are  In  the  hlgh-lmpedance  state.  The  2906 
and  2916  D-type  latch  outputs  contain  an  Inverter-buffer  on  their 
outputs . 

The  2905,  2906,  2915  and  2916  Inputs  to  the  four  D-type 
flip-flops  contain  a built-in  two-input  multiplexer.  A common 
select  Input  (S)  controls  the  four  multiplexers.  When  S Is  LOW, 
the  Ai  data  Is  stored  In  the  register  and  when  S Is  HIGH,  the  B* 
data  Is  stored . The  2907  and  2917  contain  a non-inverting 
buffer  on  the  Inputs  to  the  D-type  flip-flops. 


IX-1 


The  2906,  2907,  2916  and  2917  feature  a built-in  odd  parity 
checker/generator.  The  bus  enable  (SE)  input  controls  whether 
the  parity  output  is  in  the  generate  or  check  mode. 

When  BE  is  LOW  (driver  enable),  odd  parity  is  generated 
based  on  the  input  to  the  D-type  flip-flop.  When  T3E  is  HIGH, 
the  parity  output  is  determined  by  the  four  latch  outputs  of  the 
receiver.  Thus,  if  the  driver  is  enabled,  parity  is  generated 
and,  if  the  driver  is  in  the  high-impedance  state,  the  BUS  parity 
is  checked. 


Vector  Generation 


The  logic  diagrams  for  the  2905  and  2915  (Fig.  9-1C),  2906 
and  2916  (Fig.  9-2C),  and  2907  and  2917  (Fig.  9-3C)  were  reviewed 
and  the  circuit  mechanizations  were  found  to  be  functionally 
correct.  It  was  determined  that  although  the  three  devices  per- 
form similar  functions,  developing  common  test  vectors  for  all 
three  devices  was  not  practical  because  of  circuitry  differences 
i.e.,  multiplexers  and  parity  generators.  The  test  vectors  were 
generated  by  hand.  All  possible  input  combinations  are  applied 
to  the  flip-flops  and  all  "stuck-at"  faults  are  checked  on  the 
combinational  circuitry.  The  vector  sets  produce  100#  Test 
Confidence  Levels  (TCL's).  Since  the  sets  are  exhaustive,  the 
vectors  will  test  any  implementation  of  the  subject  devices  as 

long  as  they  are  functionally  identical  to  Vendor  A's  devices. 
Tables  Q-i.  9-2  ana  9-3  snow  functional  testing  requirements  for 
these  devices. 


3260  Test 

Test  programs  were  developed  for  a Tektronix  3260  automatic 
tester.  These  programs  functionally  test  the  devices  by  apply- 
ing the  sets  of  input  vectors  described  above  to  the  devices  and 
checking  the  resulting  output  states  against  the  expected  output 
vectors.  They  also  test  for  leakage  while  the  bus  and/or  receiv- 
er outputs  are  in  the  high  impedance  state . While  these  pro- 
grams were  generated  specifically  for  the  2915,  2916,  and  2917 
devices  they  may  also  be  used  for  the  2905,  2906  and  2907  de- 
vices, respectively,  if  pull-up  resistor  loads  are  included  on 
the  open-collector  bus  outputs  and  the  test  program  is  modified 
to  disconnect  the  loads  during  high  impedance  leakage  measure- 
ments. Appendix  D contains  the  wiring  lists  for  the  socket 
cards,  copies  of  the  test  programs,  pin  assignment  programs,  and 
test  pattern  files. 
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CONNECTION  DIAGRAM 

Top  Vraw  LOGIC  SVMBOL 


Not*  Pm  ^ ••  matli*(S  (or  o>'i*nt*tion 


(A)  (B) 


LOGIC  OIAGRAM 


(C) 

2yjfc  arc!  >\  - 'JUAD  Bus  Transceiver  with  Interface  Logic 

Figure  9-2. 
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Table  9-1  • - (Continued) 


CASE  TERMINAL  CONDITIONS  (PINS  NOT  DESIGNATED  ARE  OPEN) 
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CASH  I TERMINAL  CONDITIONS  (PINS  NOT  DESIGNATED  ARE  OPEN) 


a^nd^no 
IIV.  * 


Table  9-3. 


APPENDIX  A 

ADDITIONS  AND  CHANGES  MADE  TO  THE 
PROPOSED  MIL- M-385 10/440 


NOTE:  Table  and  Figure  rafaraneaa  In  thla  appendix  are  numbered  In 

accordance  with  the  MXL-38510/440  Draft  numbering  so  that  ready 
refarance  la  possible.  Certain  tables  and  figures  have  been 
omitted. 
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Additions  to  Table  I 


Table  I in  the  preliminary  slash  sheet  contained  only  the  DC 
parameters  for  the  2901A.  The  following  pages,  which  contain  all 
of  the  AC  parameters  for  the  2901  A,  were  added  to  the  slash 
sheet  by  General  Electric. 


TABLE  I ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


CONDITIONS 


TEST 

SYMBOL 

Daisy  from  A3-A0 
to  Y3-Y0 

tPKLl 

tPLHl 

Daisy  from  A3-A0 

to  F3  | 

tPHL2 

tpLH2 

Daisy  from  A3-A0 
to  Cn+4 

*PHL3 
tPUQ  ; 

Dal^  from  A3-A0 
to  3 snd  f 

tpHLU 

tPLH4 

Daisy  from  A3-A0 
to  F-0 

tPHL5 

tPLH5 

Daisy  from  A3-A0 
to  OVR 

tPHL6 

tPLH6 

Daisy  from  A3-A0 
to  RAM3  snd  RAMq 

*PHL7 

tPLH7 

Daisy  from  B3-B0 
to  Y3-Y0 

tPHL8 

tPLH8 

Daisy  from  B3-B0 
to  F3 

*PHL9 

tPLH9 

Daisy  from  B3-B0 
to  Cn+4 

^PHLIO 

tPLH10 

Dalsjr  from  B3.B0 
to  0 snd  P 

^PHLll 

tPLHll 

Daisy  from  B3-B0 
to  P-0 

tPHL12 

tPLH12 

Daisy  from  B3-B0 
to  OVR 

‘PHL13 

tPLH13 

Daisy  from  B3-B0 
to  RAM3  snd  RAMo 

<♦  €♦ 
if 

Daisy  from  D3-D0  (ARXTH) 
to  Y3-Y0 

tpKLlS 

tPLH15 

Daisy  from  03-00  (ARUM) 
to  P3 

tPHU6 

tPLRl6 

*L  - 6en 
k - l.sicn 

TJ-TO.  o 

Nr  - non 

N - 2 . 4RO 
cn+* 


rl  - non 

N - 3.0RQ 

ovi,  r 


rl  - 2 son 
R - 4.8R0 
FSt  RANj  , o • <33 , o 

Rl  - SIKi 
F • 0 davlca 
typa  01 


F ■ 0 davlca 
typa  02 

cl  ■ 30  PF  ♦ 3 pp 
all  outputs- 


TA'M.E  T 


ELECTRICAL  I’KHM'H'AMCR  CHARACTERISTICS  (COHT’D.) 


§ w 

LIMITS 

* 

1 

P P= 

h 

TFT/T 

VYMHCL 

CONDITIONS 

a ri 

lc 

MIN 

MAX . 

B 

- 

Delay  from  D3-D0  (ARITH) 

tPHLlY 

H - 6»n 

7 

50 

ns 

to  Cr+4 

tpLHIY 

R - l.SKfl 

TJ-TO.  C 

7 

50 

ns 

1 

Delay  from  D^-Do  (ARITH) 

tpMLlb 

7 

50 

ns 

m 

to  0 and  P 

tPLHl8 

Ri  ■ non 

R - 2 . 4K0 

7 

50 

ns 

i 

Delay  from  D3-D0  (ARITH) 

tPHL19 

cn+* 

7 

60 

ns 

1 

1 1 

1 1 

to  F« 0 

tPLH19 

rl  - non 

Y 

60 

ns 

Delay  from  D3-D0  (ARITH) 
to  OVR 

tPHL20 

tpuco 

R - 3.0KR 

OVR,  P 

7 

Y 

60 

60 

ns 

ns 

; 

1 

Delay  from  D3-D0  (ARITH) 

tPHL21 

rl  - 2Son 

'if 

70 

ns 

to  RAM3  and  RAMo 

tPLH21 

R • 4.8KW 

Y 

70 

ns 

F3,  RAH3 , 0 » Q3 • 0 

1 1 

Delay  from  D3-D0  (I  - X37) 

tPHL22 

7 

60 

ns 

to  Y3-Y0 

tPLH22 

Rl  • 316n 

T • 0 divlcc 

7 

60 

ns 

Delay  from  D3-D0  (I  - X37) 

lPHL23 

typi  01 

7 

50 

ns 

1 

to  F3 

tPLH23 

7 

50 

us 

3 

rl  • sion 

Delay  from  D3-D0  (I  • X37) 

tPHL24 

F-0  davlca 

7 

60 

ns 

0 

to  F-0 

tPLH24 

type  02 

7 

60 

ns 

Delay  from  D3-D0  (I  - X37) 

tpHL25 

Cl  • 30  pF  + S pF 

7 

65 

ns 

- 

* 

to  RAM3  and  RAMo 

tPLH25 

all  outputs 

7 

65 

ns 

. ■ 

Delay  from  Cn 

tPHL26 

7 

45 

ns 

to  Y3-Y0 

tPIil26 

7 

45 

ns 

Delay  from  Cn 

tPKLPY 

7 

30 

ns 

to  F3 

tPLH27 

7 

30 

ns 

Delay  from  Cn 

tPHL28 

7 

30 

ns 

to  Cn+4 

tPLH28 

7 

30 

ns 

1 

Delay  from  Cn 

tPHL29 

7 

50 

ns 

to  F-0 

tPLH29 

7 

50 

ns 

Delay  from  Cn 

4pHL30 

7 

40 

ns 

to  OVR 

tPLH30 

7 

40 

ns 

Delay  from  Cn 

tPHL31 

7 

55 

ns 

to  RAM3  and  RAMo 

tPLH31 

7 

55 

ns 

I 

1 

• 1 
I 

A-4 


TEST 

CONDITIONS 

Delay  from  12-Iq 

tpiD^ 

RL  - 680 

to  Y3-Y0 

tPLH32 

R - I. 5*0 

T3-T0,  C 

Delay  from  I2-I0 

tPHL33 

to  F3 

tPUH3 

R»  - 1100 

R - 2.4RO 

Delay  from  I2-I0 

tPHL34 

c„+4 

to  Cn+4 

Delay  from  I2-I0 

tPLH34 

RL  - 1400 

tPHL35 

R - 3. OKO 

to  G and  P 

tPLH35 

OVR,  P 

Delay  from  I2-I0 

tPHL36 

RL  - 2300 

to  F=0 

tPIH36 

R - 4 . 8R0 

P3.  RAM 3 , 0 , Q3,o 

Delay  from  I2-I0 

tPHL3Y 

to  OVP 

tPLH3Y 

RL  - 3160 

F - 0 device 

Delay  from  I2-I0 
to  RAM3  and  RAMq 

tPHL36 

tpuos 

type  01 

Delay  from  I5-I3 

tPHL39 

Rl  - 5100 

F ■ 0 device 

to  Y3-Y0 

tPLH39 

type  02 

Delay  from  I5-I3 

tPHL40 

Ct  - 50  pF  + 5 pP 

to  F3 

tPLH40 

all  outputs 

Delay  from  I5-X3 

tPHL4l 

to  Cn+4 

tPLHUl 

Delay  from  I5-I3 

tPHL42 

. 

to  0,  P 

tPLH42 

Delay  from  I5-I3 

fcPHL43 

to  F=0 

tPLH43 

Delay  from  I5-I3 

tpfflM 

to  OVR 

tPLH44 

Delay  from  I5-I3 
to  RAM3  and  RAM0 

tpHL45 

tpiiI45 

Delay  from  I&-I6 
to  Y3-Y0 


*PHL46 

tPLHU6 


TABLE  I 


ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (CONT'D.) 


TEST 

■ 

CONDITIONS 

Delay  from  A3-A0  (I  = 2XX) 
to  Y3-Y0 

Delay  from  CP 
to  Y3-Y0 

Delay  from  CP 
to  F3 

■fcpHlA? 

tpm4T 

tPHL^B 

tPLHue 

tpmM 

tPLH49 

RL  - 680 

R - 1.5M1 

V3-Y0,  G 

rl  - non 

R - 2. 

Delay  from  CP 
to  Cn+4 

tPHL50 

fcPLH50 

- non 

R • 3 . Osn 

OVR,  P 

Delay  from  CP 
to  G and  P 

tPHL51 

tPLH51 

RL  - 250n 

R - 4.8Kn 

Delay  from  CP 
to  F=0 

tPHL52 

tPLH52 

F3,  RAM3.0.  Q3»0 

RL  “ 316n 

Delay  from  CP 
to  OVR 

tPHL53 

tPLH53 

F “ 0 device 
type  01 

Delay  from  CP 
to  RAM 3 and  RAM0 

tPHL54 

tPLH54 

rl  - 5 ion 

F * 0 device 
type  02 

Delay  from  CP 
to  Q3  and  Qo 

fcPHLb5 

tPLH55 

Cl  n SO  p F + 5 pF 

all  outputs 

Delay  from  OE 
to  Y3-Y0  FLOAT 

tpiEl 

tpi£l 

Delay  from  18-16 
to  RAM3  and  RAMo  FLOAT 

1PHZ2 

:PIZ2 

Delay  from  18-16 
to  <43  and  Qo  FLOAT 

tPHZ3 

^123 

Delay  from  OE 
to  Y3-Y0 

^PZU 

tPZHl 

Delay  from  Ig-lg 
to  RAM  3 and  RAM0 

*T7.L2 

tPZK2 

Delay  from  Ig-Ig 
to  Q3  and 

*PZL3 

tPZH3 

LIMIT: 


A-0 


TABLE  1 


ELECTRICAL  PERFOTfl-'AHCE  CHARACTERISTICS  (CONT'D.) 


CONDITIONS 


A3-A0  Set  Up 
Time  To  Positive 
Edge  of  Clock 

A3-A0  Set  Up  Time 
To  Negative  Edge 
of  Clock 

B3-B0  (Source) 

Set  Up  Time  To 
Positive  Edge  of  Clock 

B3-B0  (Source) 

Set  Up  Time  To 
Negative  Edge  of  Clock 

B3-B0  (DEST) 

Set  Up  Time  to 
Negative  Edge  of  Clock 

D3-D0  (Arithmetic  Node) 
Set  Up  Time  to 
Positive  Edge  of  Clock 

D3-D0  (I  = X37) 

Set  Up  Time  To 
Positive  Edge  of  Clc:k 

Cn  Set  Up  Time  to 
Positive  Edge  of  Clock 

I2-I0  Set  Up  Time 
to  Positive  Edge  of  Clock 

I5-I3  Set  Up  Time 
to  Positive  Edge  of  Clock 

l8-l£  Set  Up  Time 
to  Negative  Edge  of  Clock 

<l3>  <lo 

Set  Up  Time  to 
Positive  Edge  of  Clock 

RAM3,  RAMc  Set  Up  Time 
to  Positive  Edge  of  Clock 

A3-A0  Hold  Time 
From  Positive 
Edge  of  Clock 


*SHLl 

*SLH1 


*SHL2 

tSUC 


*8LH3 


t’SHL1* 

tSLHU 


*SHL5 

*slh5 


tSHL6 

tSLHS 


*SHL7 

tsLH7 


tSHL8 

tSLH8 

tSHL9 

^LW 

tSHLIO 

*SLH10 

tSHLll 

*SLH11 

*SHL12 

*SLH12 


tSHL13 

*811113 

*HKLL 

*10111 


TABLE  I 


ELECTRICAL  rERFOPJ'ANCE  CHARACTERISTICS  (CONT'D.) 


TEST  SVTHiOL 


B3-B0  Hold  Time 

From  Positive 

Edge  of  Clock 

tHHL.2 

tHliH2 

D3-D0  Hold  Time 

From  Positive 

Edge  of  Clock 

fcHHL3 

tHLH3 

Cn  Hold  Time 

From  Positive 

Edge  of  Clock 

tHHLU 

tHLHi* 

I8-I0  Hold  Time 

From  Positive 

Edge  of  Clock 

tHHL5 

tHLH5 

Q3>  QO 

Hold  Time  From 

Positive  Edge  of  Clock 

tHHL6 

tHLH6 

RAM3,  RAMo  Hold  Time  From 
Positive  Edge  of  Clock 

tHHLT 

^LHT 

ns 

ns 


ns 

ns 


ns 

ns 


ns 

ns 


ns 

ns 


ns 

ns 


r 


TABLE  I ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (CONT'D.) 


£ W 

| LIMITS  } 

TEST 

SYMBOL 

CONDITIONS 

I! 

MIN 

MAX. 

Min  Clock 

fcFWL 

*L  - 680 

13 

30 

Low  Time 

R - 1.5KB 

T3-Y0.  G 

Min  Clock 

High  Time 

trwH 

Rl  - 1 I0B 

R - 2.4KB 

13 

30 

Min  Clock 

cn+4 

13 

no 

Period 

Rj,  - 140B 

Read -Modify -Write 

R - 3.0KB 

13 

110 

Cycle  (Time  from 

Selection  of  A,  B 

OVR,  P 

Registers  to  End 
of  Cycle 

RL  - 2500 

R - 4.8KB 

F3 » RAM 3 , o»  Q3.0 

Max  Clock  Freq  to 

Shift  Q Register 

Rl,  - 3160 

13 

12 

(50)6  Duty  Cycle) 

I = L32  or  632 

F * 0 device 
type  01 

Rl  - 5100 

F ■ 0 device 
type  02 

Cl  “ 50  pF  + 5 pF 
all  outputs 

ii.  Revised  Loads  for  Switching  Tests 


The  loads  on  the  following  page  were  recommended  by  GE 
because  they  better  represent  what  the  device  will  see  in 
actual  use.  The  revised  loads  can  be  used  on  three-state 
outputs  without  requiring  the  opening  and  closing  of  switches 
as  was  necessary  with  the  original  load. 


NOTES 

1.  CL  ■ 50pf  ± 5 pf  includes  scope  probe,  wiring  and  stray  capacitance 
without  device  in  test  fixture. 


Figure  6.  Switching  time  test  circuit  loads 
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iii.  Revised  Timing  Diagrams 

The  following  pages  contain  the  revised  timing  diagrams  which 
were  added  to  the  stash  sheet  by  GE.  They  are  clearer  than 
those  included  in  the  preliminary  slash  sheet  and  are  no  longer 
tester-oriented. 


t 
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i 

i 


0.2V 


FIGURE  8.  CLOCK  TO  OUTPUT  PROPAGATION  DELAY  MEASUREMENT  WAVEFORM 


2.0V 


FIGURE  13 A.  FUNCTIONAL  TEST  TIMING  WAVEFORMS 


Changes  to  the  functional  Tests 

The  following  pages  contain  information  which  was  added  to  the 
slash  sheet  to  clarify  and  enchance  the  functional  tests.  Included 
are  verbal  descriptions  of  the  functional  tests  provided  by 
Vendor  A,  verbal  descriptions  of  the  tests  added  by  GE,  clarified 
notes  for  performing  the  functional  tests,  and  the  vectors  which 
were  added  by  GE. 


TABLE  V GROUP  A,  TEST  SUBGROUPS  7,  8 
TABLE  NOTES  AND  TEST  DESCRIPTION 


The  following  outline  describes  the  Table  V functional  tests: 

1.  A-Port  Galpat  via  ALU 

These  are  tests  (Test  Group  11,  Test  Numbers  0000  to  1015)  in 
which  the  A-address  of  the  2-port  RAM  is  tested  for  Galloping 
"ones"  in  a field  of  "zeros."  During  these  tests,  the  B- address 
is  the  same  as  the  A-address  and  OP  code  337  is  used  for  a write 
operation,  while  OP  code  134  is  used  for  a read  operation.  The 
four  shift- operation  pins.  Qq,  Q3,  and  RAMq  and  RAM3  are 
"don't  cares". 

2.  B-Port  Galpot  via  ALU 

These  are  tests  (Test  Group  11,  Test  Numbers  1016  to  2033)  in 
which  the  B-address  of  the  2-port  RAM  is  tested  for  Galloping 
"ones"  in  a field  of  "zeros."  During  these  tests,  the  A-address 
is  the  inverse  of  the  B-address  and  OP  code  337  is  used  for  a 
write  operation  while  OP  code  133  is  used  for  a read  operation. 

The  four  shift-operation  pins,  Qq,  Qo.  RAMq  and  RAM«,  are 
"don’t  cares". 

3.  A-Port  Galpht  Bypass  ALU 

These  are  tests  (Test  Group  11.  Test  Numbers  2034  to  3054)  in 
which  the  A-address  of  the  2-port  RAM  is  tested  for  Galloping 
"ones"  in  a field  of  "zeros."  During  these  tests,  the  B-address  is 
the  inverse  of  the  A-address,  and  OP  code  337  is  used  for  a write 
operation  while  OP  code  233  is  used  for  a read  operation.  The  four 
shift -operation  pins,  % . Q3.  RAMq  and  RAMg,  are  don't  cares”* 

Repeat  1 above  by  inverting  the  Data  and  Y output  information  on 
D3  - 0 and  Y3-  0 All  other  outputs  are"don't  cares’.’  The  pattern 
for  these  tests  is  not  printed.  This  performs  Galloping  "zeros" 
in  a field  of  "ones"  for  the  A-Port  via  ALU. 

Repeat  Item  2 above  by  inverting  the  Data  and  Y output  information 
on  D3-  and  Y 3.  q.  All  other  outputs  are"don't  cares’.’  The  pattern 
for  these  tests  is  not  printed.  This  is  Galloping  "zeros"  in  a field 
of  "ones"  for  the  B-Port  via  ALU. 


6.  Repeat  Item  3 above  by  inverting  Data  and  Y output  information 
on  D3-0  and  Y3~0-  All  the  other  outputs  are  "don't  cares".  The 
pattern  for  these  tests  is  not  printed.  This  is  Galloping  "zeros" 
in  a field  of  "ones"  for  A-Port  bypass  ALU. 

6A.  Destination  Code  and  Control 

These  tests  are  included  in  test  group  30,  test  numbers  0000 
to  0251.  During  these  tests  the  destination  codes  are  cycled 
through  and  the  RAM  and  O register  are  checked  to  see  that 
they  contain  the  correct  information.  In  addition  the  high 
impedance  capability  of  the  RAM3,  RAMq*  Q3>  Qo>  and  Y 
outputs  is  checked.  Various  other  control  functions  of  the 
processor  are  also  checked. 

7.  ALU  Source  Code 

These  tests  are  included  in  Test  Group  33,  Test  Numbers  0000 
to  0022.  During  these  tests,  the  A and  B- addresses  are  at  word 
locations  preloaded  with  known  values.  The  Q register  is  also 
preloaded.  Then,  with  the  ALU  destination  OP  code  = 1 (No  OP) 
and  the  ALU  function  code  = 6 (exclusive  OR!,  the  source  code 
is  cycled  through  from  0-7.  The  function  code  is  then  modified 
to  7 (exclusive  NOR)  and  the  source  code  sequence  is  cycled 
through  once  more. 

8.  These  tests  are  included  in  Test  Group  33,  Test  Numbers  0023 
to  0442 . During  these  tests , the  memory  is  preloaded  with 
content  equal  to  the  address.  In  other  words,  word  0 is  loaded 
with  0,  word  1 with  1,  and  so  on.  Then,  with  A-address  = B- 
address,  a destination  OP  code  of  1 (No  OP),  and  a source  OP  code 
of  1 (A&B  Port  selected),  the  ALU  function  code  is  cycled  through 
the  sequence  of  7,  5,  4,  0,  1,  3,  2,  6 for  every  set  of  A&B  address. 
This  whole  sequence  is  then  repeated  with  A-address  equal  to  the 
inverse  of  the  B- address. 

9.  Arithmetic  Operation  & Carry  Generation 

These  tests  are  included  in  Test  Group  33,  Test  Numbers  0443  to 
1462.  During  these  tests,  the  memory  is  preloaded  with  content 
equal  to  address.  With  OP  code  105,  which  adds  the  D input  to  the 
A-Port  of  the  memory,  the  tester  cycles  through  every  possible  D 
input  added  to  every  word  in  memory  with  carry  in  being  both  one 
and  zero. 
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10.  Q Register  Operation 


These  tests  are  included  in  Test  Group  33,  Test  Numbers 
1463  to  2463.  During  these  tests,  the  Q register  is  first 
loaded  with  all  zeros.  Then  with  Cn  = 0 and  with  OP  code 
006  which  loads  the  Q register  with  the  sum  of  data  input  and 
the  Q register  contents  on  every  clock  cycle,  the  device  is 
clocked  through  all  possible  data  iuputs.  The  Cn  input  is 
then  changed  to  a ONE,  and  with  OP  code  016,  which  loads 
the  Q register  with  the  difference  of  Q-D,  the  device  is 
clocked  through  all  possible  data  inputs  again.  This  checks 
both  the  add  and  subtract  modes  of  the  ALU,  the  internal- 
carry-lookahead  circuitry  and  the  Q register  operation. 

11.  Q Register  Shifting 

These'tests  are  included  in  Test  Group  33,  Test  Numbers  2464 
to  2610.  During  these  tests,  a unique  string  of  data 
(11100001010011011110)  is  shifted  into  the  appropriate  shift 
inputs.  OP  codes  used  in  this  group  of  tests  are  432  for  shift 
left,  532  for  no  shift,  632  for  shift  right  and  732  for  no  shift. 

12.  RAM  Shifting 

These  tests  are  included  in  Test  Group  33,  Test  Numbers  2611 
to  2735.  During  these  tests,  A and  B- address  are  incremented 
from  0 to  15.  A string  of  data  (11100001010011011110)  is 
shifted  into  the  appropriate  shift  inputs.  OP  codes  used  are 
434  and  533  for  left  shift,  634  and  733  for  right  shift. 

13.  Read  - Modify-Write 

These  are  tests  (Test  Group  44,  Test  Numbers  0000  to  0337  ) 
in  which  a read  - modify  - write  test  is  performed  on  the  RAM. 
OP  codes  324  and  323  are  used  for  the  inversion  and  write 
operations  while  OPcodes  134  and  133  are  used  for  the  read 
operations . 

Table  Notes: 

1 . FOR  INPUT  DATA  FOR  OUTPUT  DATA 

”1”  = 2.0V 
"0"  = 0.8V 
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MJM 

*»0" 


2.4V  Min. 
0.5V  Max. 


2 . A test  is  identified  by  the  values  of  test  group  and  test  number 
in  the  table. 

3 . Any  output  or  input  not  designated  in  the  functional  test  table 
is  left  open. 

4.  A clock  pulse  is  applied  for  each  test  except  Test  Group  30. 
Output  levels  are  checked  after  the  low  to  high  transition  of 

the  clock  except  during  the  ’’RAM  shifting’  tests  (33  2611  through 
33  2735)  where  outputs  are  checked  during  the  clock  low  time. 

5.  OEis  logic  ”0”  for  the  entire  functional  test  except  as  stated 
in  Test  Group  30. 

6.  The  Table  V functional  tests  shall  be  replicated  for  Vcc  ■ 4.5V 
and  Vcc  = 5.5V. 

7.  A ”Z"  in  Test  Group  30  indicates  a pin  is  in  the  high  impedance 
state.  The  high  impedance  state  can  be  verified  by  either  of 
two  methods. 

Method  1 - This  method  consists  of  forcing  a voltage  and 
measuring  the  current  into  or  out  of  the  device. 

For  the  Y outputs , the  current  should  be  less  than  ± 50  u a 
when  both  2.4Vand  0. 5V  are  forced. 

For  the  Q3,  Oq,  RAM3,  and  RAMo  outputs  the  current  should 
be  less  than  loo  ua  when  2.4V  is  forced  and  less  than  -800  ua 
when  0.5V  is  forced.  Both  voltages  have  to  be  forced  for  each 
occurence  of  Z.  / 

Method  2 - This  method  consists  of  verifying  that  the  output 
floats  to  a level  of  1. 5 ± 0.5V  when  the  appropriate  load  from 
Figure  6 is  connected. 
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v. Switching  Speed  Test  Changes 

The  information  on  the  following  pages  was  included  in  the 

slash  sheet  by  GE  to  clarify  the  switching  speed  tests.  - j 

The  algorithms  for  the  input  data  patterns  were  rewritten  so 
that  they  are  no  longer  tester- oriented.  Duplicate  patterns  were 
eliminated.  Three  new  patterns  were  added  for  set-up  time 
measurements  that  were  omitted  from  the  preliminary  slash  \ 

sheet.  Patterns  1,3,  and  4 were  modified  so  that  previously 
unchecked  paths  would  be  exercised . 

Flowcharts  were  written  for  the  patterns  and  the  description 
of  the  terminology  used  in  the  algorithms  was  revised. 

The  format  for  the  slash  sheet  Table  in  B was  changed 
to  that  used  in  other  slash  sheets  and  much  information  was 
added  to  it. 


Switching  Time  Test  Patterns  (Algorithms) 

For  Group  (A)  Tests,  Subgroups  9,  10,  and  11 

The  following  pages  contain  the  flow  charts  and  algorithms  for  the 
input  data  patterns  used  during  the  switching  speed  tests. 

The  term  CALL  TEST  (Vl,  V2,  V3,  V4,  V5,  Vg,  V7)  is  used  to  define 
the  states  applied  to  each  input  of  the  device  during  one  test  cycle.  The 
parameters  Vj  through  V?  are  in  decimal  notation  and  represent  the 
binary  states  applied  to  the  inputs  as  follows: 


Variable 

Signals 

Vl 

A3  - Aq 

v2 

B3  - B0 

v3 

D3-  Dq 

V4 

cn 

v5 

h-k 

v6 

I5  -I. 

V7 

>2  -4 

For  example: 

CALL  TEST  (0, 1,2, 0,3, 4, 5)  would  initiate  a test  cycle  in  which 


Aj-Aq 

- 0000 

B3-B0 

= 0001 

D3  - Do 

= 0010 

cn 

= 0 

HH 

00 

1 

HH 

Oi 

= Oil 

*5-13 

= 100 

*2  - I0 

= 101 

Numerous  test  cycles  are  implemented  by  using  a LOOP  I = nj , n2 
statement  in  conjunction  with  the  CALL  TEST  statement.  This  causes 
n2  - ni  + 1 test  cycles  to  be  performed.  The  parameter  I can  be 
assigned  to  one  or  more  of  the  variables  Vj  through  V7  thus  allowing 
that  variable  to  be  cycled  from  nj  to  i^.  The  variables  Vj  through  V7 
can  also  be  defined  by  a logical  expression  -e.g.  I AND  1. 

A test  cycle  is  performed  each  time  a CALL  TEST  statement  appears . 
The  timing  of  the  test  cycle  varies  depending  on  the  parameter  being 
measured.  Figures  7 through  12  show  the  timing  relationships  for 
the  various  tests  performed. 
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CALL  TEST  (0,0, 0,0, 0,3, 7) 


LOOP  1=0,15 

CALL  TEST  (0,1, 1, 0,3, 3, 7) 

END  I 

LOOP  1=0,15 
LOOP  J = 0,15 
CALL  TEST  (1,0,  J, 0,3, 0,5) 
CALL  TEST  (1,0,  J,0, 1,3,3) 
CALL  TEST  (1,0,  J, 0,4,0, 5) 
CALL  TEST  (1,0,  J, 0,6,0,  5) 
END  J,  END  I 

LOOP  1=0,15 
CALL  TEST  (0,0, 1, 0,0, 3, 7) 
CALL  TEST  (0,0, 0,0, 1,3,2) 
END  I 


There  are  1073  tests  in  this  group. 


Figure  14A  . Test  Pattern  1 
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CALL  TEST  (0,0, 0,0, 0,3, 7) 

LOOP  I = 0,15 

CALL  TEST  (0,1, 1, 0,3, 3, 7) 

END  I 

LOOP  I = 0,15 
LOOP  J = 0, 15 
CALL  TEST  (I,  J,0, 0, 0,0, 1) 
CALL  TEST  (I, J,0, 0, 1,3,2) 
CALL  TEST  (I,  J, 0,0, 4,0, 1) 
CALL  TEST  (I,  J, 0,0, 6, 0,1) 
ENDJ.  END  I 


There  are  1041  tests  in  this  group 


Figure  15A.  Test  Pattern  2 
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CALL  TEST  (0,0, 0,0, 0,3, 7) 

LOOP  1=0,15  / 

CALL  TEST  (0,1, 1, 0,3, 3^7) 

END  I 

LOOP  I =1,15 
LOOP  J=  0,15 
LOOP  K = 0, 1 

CALL  TEST  (J,  0, 1,  K, 3, 0,  5) 
CALL  TEST  (J,0,I,K,  1,3,3) 

CALL  TEST  (J,0, 1, K,£, 0, 5) 

CALL  TEST  (J,0,I, K,fe,0, 5) 

END  K,  END  J,  END  Ij 

I 

LOOP  I = 1,111 

CALL  TEST  (0 , 0 , 0 , 0 , |2 , 4 , 2) 

END  I j 

CALL  TEST  (0,0, 0,0, 0,3, 7) 

LOOP  I = 1,  16  S 

LOOP  J = 0,  1 

CALL  TEST  (0,0,0,J,0,0,6) 

END  J,  END  I 

There  are  2081  tests  in  this  group. 


Figure  16A.  Test  Pattern  3 
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CALL  TEST  (10,0,15,0,0,3,7) 
CALL  TEST  (0,10,10,0,3,3,7) 
CALL  TEST  (10,0,0,0,3,3,7) 

LOOP  I = 0,7 

CALL  TEST  (10,0,5,0,1,6,1) 
END  I 


LOOP  I = 0,7 

CALL  TEST  (10,0,5,0,1,7,1) 
END  I 


LOOP  I =0,7 

CALL  TEST  (10,0,15,0,0,3,7) 
CALL  TEST  (0,10,10,0,3,3,7) 
CALL  TEST (10, 0,0, 0,3, 3, 7) 
CALL  TEST  (10,0,5,0,4,1,1) 
END  I 


LOOP  I = 0,7 

CALL  TEST  (10,0,15,0,0,3,7) 

CALL  TEST  (0,-10,10,0,3,3,7) 

CALL  TEST  (10,0,0,0,3,3,7) 

CALL  TEST  (10,0,5,0,4,1,1) 

END  I 

DIMENSION  ARRAY  XXX  (8) 

INITIALIZE  XXX  (8)  /7,  5,4,0, 1,3, 2, 6 / 

LOOP  I = 0, 15 

CALL  TEST  (1, 1, 1, 0,3, 3, 7) 

END  I 

LOOP  I = 0,15 
LOOP  J = 1,8 

CALL  TEST  (1, 1, 0,0,1,  XXX(J),  1) 

END  J,  END  I 

LOOP  I = 0,15 
LOOP  J = 1,8 

CALL  TEST  (15-1,1,0, 0, 1,  XXX  (J),  1) 
END  J,  END  I 


Figure  17A.  Test  pattern  4 
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LOOP  I = 0, 15 

CALL  TEST  (1, 1, 1, 0, 3 , 3 , 7) 

LOOP  J = 1,8 

CALL  TEST  (1, 1, 0,0, 4, XX55(J),  1) 
END  J,  END  I 


Figure  17A.  Test  pattern  4 

1 


LOOP  I = 0,15 

CALL  TEST  (1, 1, 1, 0,3, 3, 7) 

LOOP  J = 1,8 

CALL  TEST  (I,I,0,0,6,XXX(J),1) 
END  J,  END  I 

CALL  TEST  (0,10,10,0,3,3,7) 
CALL  TEST  (10,10,10,0,0,3,7) 

LOOP  I = 0,2 

CALL  TEST  (10, 10, 5, 0,1  and  1,3,7) 
CALL  TEST  (10,10,15,0,6,3,7) 
CALL  TEST  (10,10,15,0,4,3,7) 

END  I 


CALL  TEST  (10,0,5,0,0,3,7) 
CALL  TEST  (10,10,10,0,3,3,7) 

LOOP  I = 0,7 

CALL  TEST  (0,0,0,0,3,3,7) 
CALL  TEST  (10,0,5,0,1,6,1) 
CALL  TEST  (10,0,5,0,2,6,1) 
END  I 

LOOP  I = 0,15 

CALL  TEST  (1, 1, 1, 0,3, 3, 7) 

END  I 

LOOP  I = 0,15 
LOOP  J = 0,7 

CALL  TEST  (1,1,0, 0, 1,  J,  1) 
CALL  TEST  (1, 1, 0,0, 2, J,  1) 
CALL  TEST  (1, 1, 0,0, 3, 3, 7) 
END  J,  END  I 

CALL  TEST  (10,10,10,0,3,3,7) 
CALL  TEST  (10,10,10,0,0,3,7) 
CALL  TEST  (10, 10,10,0,3,3,7) 
CALL  TEST  (10,10,10,0,0,3,7) 
CALL  TEST  (10,10,10,0,4,3,2) 
CALL  TEST  (10,10,10,0,4,3,3) 
CALL  TEST  (10,10,10,0,6,3,2) 
CALL  TEST  (10, 10, 10,0,6,3,3) 
CALL  TEST  (10, 10, 10,0,4,3,2) 
CALL  TEST  (10,10,10,0,4,3,3) 
CALL  TEST  (10, 10, 10,0,6,3,2) 
CALL  TEST  (10,10,10,0,6,3,3) 


Figure  17B.  Test  pattern  4, 


LOOP  I = 0,15 
LOOP  J = 1,16 
CALL  TEST  (0,0, 1, 0,4, 0,6) 
END  J,  END  I 

LOOP  I = 0,15 
LOOP  J = 1,16 
CALL  TEST  (0,0, 1, 0,6, 0,6) 
END  J,  END  I 

CALL  TEST  (0,0, 0,0, 0,3, 7) 
LOOP  I = 0, 15 
LOOP  J = 1,16 
CALL  TEST  (0,0, 1, 0,0, 0,6) 
END  J,  END  I 

LOOP  I = 0,15 

CALL  TEST  (0,1, 1, 0,3, 3, 7) 

END  I 

LOOP  I = 0,15 
LOOP  J = 0, 15 
CALL  TEST  (1,1,  J,  1,3,0,  5) 
END  J,  END  I 


There  are  2131  tests  in  this  group. 


Figure  17C. 


Test  pattern  4,  concluded 


I » o 


Figure  17D.  Flowchart  for  test  pattern  4 


Figure  171. 


CAU.  T*8T 
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1 
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1 

CAU.  TO 

(10, 10, 10, 0,3,, 3, 7) 

1 

CAU#  TEST 

(10,10,10,0,0,3,7) 

"I 

CAU#  nsr 
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Flowchart  for  test  pattern  4,  cont'd 


'8 


CALL  TEST 
(0,I,I,0.3.3,7 


This  pattern  consists  of  the  A Port  Galpat  Bypassing  the  ALU 
portion  of  the  functional  test.  It  is  identified  as  Test  Group  11 
Test  Numbers  2035  through  3054  of  Table  V. 


LOOP  1 = 0,15 

CALL  TEST  a, 1, 1, 0,2,3, 7) 

END  I 

LOOP  I = 0,15 

CALL  TEST  (1,1,15-1,0,2,3,7) 
END  I 

LOOP  I = 0,15 

CALL  TEST  (1, 1, 1, 0,2, 3, 7) 

END  I 

There  are  48  tests  in  this  group. 


Figure  19A.  Test  pattern  6 
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This  pattern  consists  of  the  Q Register  Shifting  portion  of  the 
functional  test.  It  is  identified  as  Test  Group  33,  Teat  Numbers 
2464  to  2610. 


Figure  20.  Test  pattern  7 


This  pattern  consists  of  the  RAM  Shifting  portion  of  the 
functional  test.  It  is  identified  as  Test  Group  33,  Test  Numbers 
2611  to  2735. 


Figure  21.  Test  pattern  8 
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Table  m was  rewrilten  to  make  it  compatible  with  the  measure- 


ment techniques  established  on  Mil- M-3  8510/400  and  /420. 
Also  the  algorithmic  approach  to  the  dynamic  testing  and  the 
different  pinouts  on  the  DIP  vs.  Flatpack  packages  required 


additional  format  changes.  When  the  table  was  rewritten,  the 
terminology  was  also  changed  to  reflect  Mil-M-38510. 


TABLE  III  B GROUP  (A)  TESTS  SUBGROUPS  9,10,11,7,8  (Con't.) 


TABLE  III  B GROUP  (A)  TESTS  - SUBGROUPS  9,10,11,7,8  (Con't. 
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TABLE  III  B GROUP  (A)  TESTS  - SUBGROUPS  9,10,11,7,8  (con't.) 


TABLE  III  B GROUP  (A)  TESTS  - SUBGROUPS  9,10,11,7,8  (Con't.) 


TABLE  III  B CROUP  (a)  TESTS  - SUBGROUPS  9,10,11,7,8  (Concluded) 


APPENDIX  B 

TEST  PROGRAMS  AND  DATA 
FOR  THE  TEKTRONIX  3260 
FOR  THE  8212 
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* THE  FOLLOWING  VECTORS  CHECK  DEVICE  CAPABILITY  OF 

* RECEIVING  DATA  VIA  BUS  INPUT 
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• THE  FIRST  FO'JR  VFCTORS  ARE  REPEATED  SO  ALL  ERRORS  A»E 
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and  pin  assignment  program  for  the  2916. 


')K0;P£91foA.lr!)|  ! * T T >ATP 


^ \ IT  * **  GC  ^ C ••  *V  •* 

eccocccec^-^-— 


- \ ^ ? 
c c c c 


it  it  x n t ot  a*e*-ap^^^r^xao 
eecec  ce  — — ’ — — 


rvj^vrvfvfv^v^v'fv^xj^vrv^x'^v/^vrvi^vi^vjcv^v  fv  <x 


»IS PME  IS  BESS 


> >t  a 
* X — 


% f\j  w »• 

C % UU'  ? 

r*  x r-  a. 

W UJ  7 

u.  I <r  ^ 

a.  w > c* 

>-  ►— ■ 

>*<">-  cr 

<j  O’  <3  cr 

or  * * < 

i < a 

<114 


soccer 
c e o c © c 
\ K'  ^ IT  -C  N 
<v  *\i  <v  f\i  f\i  fv 


a 

a 

u 

c 

% 

u 

a 

u 

% 

hJ 

X 

a _l 

lx 

B-  _l 

u 

2 « 

U.  •- 

■> 

a if 

UJ 

a ? 

C- 

1—4 

«J 

X 

cn 

«* 

U.  “ 

uJ 

© 

c 

*■ 

r\j 

UJ 

<* 

« u 

a 

UJ 

7 *- 

UJ 

X 

in  > 

n- 

c r 

X 

a aj 

UJ 

►— 

c 

4 

a 

2 

<y 

«x 

3 

« u. 

a 

h- 

U. 

z a 

< 

<. 

1-  z 

a 

CO 

x 

■— > 

a w 

cr 

X* 

O- 

a 

c uj  2 

* 

o 

-Jj 

• a a. 

c 

•“ 

£ 

>— 

X 

2 

ki  a 

_j 

u. 

CO 

C 

• I z 

-j 

> 

►— 

H* 

lx 

K*  »- 

3 

2: 

u 

c 

C 

— cc 

jI 

u. 

UJ 

3 

2 

• T X 

3 

V 

a 

s 

X 

CO 

•l 

BA  < «J 

cr 

a 

cr 

M 

» a u. 

<x 

< 

•• 

•• 

T 

a 

a 

If  cx 

2? 

ix 

UJ 

lx 

►- 

c 

c 

(S  < 

— (-) 

3 

C 

? 

t- 

*- 

5 

X 

c 

7 

• W a 

a 

a 

3 

3 

< 

< 

% 

c 

3 

O IT. 

If  L * 

< 

*— 

cr 

3 

X!  C 

a 

c 

K 

»-  a 

i—  a 

T* 

o 

cr  * 

X 

u 

© 

-»  ■>  u 

cr 

UJ 

<r 

-J 

<T  % 

% 

% 

X* 

V- 

*—  i— 

4 U.  » 

J cr  k 

'X?  X < 

80  h-  c 


4 « « « « 

© © c c © e 
©coco© 
«r  cr  c — rv  K' 

\ fV  K1.  ^ K>  K1 


A A ^ A A A 

iT  If  X IT  if  IT  / 

V V W V w v V 

UJ  !x 
*-*-*-*-  T 
? ? 4 7 *-  2 ? 
■—  *—  © *—*■**—  *— 
i a-  a t a a t 

a a *_•  a u a a 


e c e s s e c 

c e-  c c c e e 

•T  r-  * a e — rv 

t*1  »*•  ^ ^ 


•-  a a.  » 

u.  u.  2 * > *“ 

N » M •-  IT  '-' 

— • -C 

j:  >-  i-  5 tr 

«s  «r  o o > 

w t wuj  M 7 

— U;  2 2 -C 

*-  £ ? ’ X !T  II 

2 ’ O C If  > 

r c;  u > u.  ' ><■ 


sea 
IT  a O 
O' 

V A A 
i V 3 5 
V.  V V V 
> <1 

►-  z ^ •- 

IT  2 2 

II  — M 

u.  a a 
>-  •—  a a 


cceeec*ccoe 
etnceeceoaee 
— »-fv*Aai/'xr-«a'a 
ceeeeeeeoe— 


A.IVf^fV'  IV'V<\)'Vif\i(\|f\iAJ 


f\l  <\J  fV  f\i  f\i  *\|  s\J 


K>  I*  If  IT  ^ !*• 


D-20 


non  r>vSf> 

1?00  STOP 

i 3oo  iP(a.assv<x<a.s«sv) *.1«,3.?.3.17 

1 i|0  0 PPTvtr  <'j>  "SiJPPl  y VOLTAGE  IS  <t\ . 455  V"  » 

JSOO  OySf» 


tMM>  STOP 

1700  Pw  1 Ml  <«>  "S  IPPLY  VOI.TAGPI  IS  > 


SHIS  PAGE  IS  BEST  QUALITY  PRACTICA0LB 
IBOM  COPY  FURBISHED  10  D^Q 


X 

1—4 

»— 

ft 

PM 

o 

ft 

<r 

c 

X 

% 

UJ 

H- 

cr. 

c 

P-* 

X 

►- 

< 

cr 

-J 

?. 

u. 

ft 

d 

— - 

— a 

p— 

-J 

<1 

a 

<a 

cr  cr 

c 

X 

X 

<3 

ft 

r 

2 

2 

W 

p— 

2 

21 

X 

«. 

O 

2 

c 

O 

C 

< 

•- 

•— 

*— 

a 

-J 

3 

c 

•— 

a 

o 

o 

a 

cr 

cr 

UJ 

-1 

O 

uJ 

—• 

tt 

< 

p- 

a •- 

z 

K 

2 

<1 

t- 

X 

2 

►- 

2 

tu  a 

d 

< 3 

■m 

-j  a 

P- 

ft. 

LJ 

X 

UJ 

ft 

a 

X 

a 

> 

5: 

d 

a c 

X 

cr 

-J  UJ 

< 

Ui 

d 

d 

:> 

IT 

cr  r- 

UJ 

<1 

UJ 

cr 

c 

Pm 

c 

2 

2 

< r- 

a 

►— 

p- 

d 

X 

PM 

d 

d* 

% 

ft 

p- 

ft 

u. 

IT 

u 

;* 

.?  2 

PM 

** 

t* 

P- 

U 

u. 

a 

T 

X 

5? 

p— 

C 

o 

c c 

C <j 

T 

< 

r* 

u. 

c 

X 

< 

T 

cr 

cr 

c 

2 

2 

h-  a 

►- 

ft 

K 

c 

>— 

X 

r 

w 

ft 

h- 

a 

u. 

<2 

j* 

C 

h- 

> 

> > 

c 

d 

r— 

X 

u. 

d 

d 

r» 

d 

2 

c 

c 

t/>  a 

* X 

X 

w 

cr 

a 

X 

T 

V 

T 

i— 

-a 

d 

• 

• • 

> 

> 

•-«  •- 

p- 

a 

cr 

►- 

d 

■> 

«— 

p- 

P— 

*v 

cr 

<v 

<V  r: 

r— 

T 

a *-» 

— 

*M 

or 

p— 

»- 

c 

T 

P4 

ft 

PM 

X 

t* 

m 

a 

• 

• f\i  K 

CO 

* 

ft 

• 

ft 

d 

p- 

d 

• 

• ft; 

t 

cr 

C 

c II 

II 

a 

p- 

II 

H II 

a 

O 

a 

p— 

H- 

•V“ 

s 

i 

ft. 

e 

a 

•— 

o 

d- 

*■4 

• 

— 

cr 

O 

H- 

ftl 

d 

fti 

? 

kT  UJ 

ft 

*- 

c 

UJ 

UJ  u. 

H 

II 

* er 

V— 

CO 

•— 

u. 

• 

A 

»-N 

H 

II 

jr 

cr 

c 

co- 

UJ 

a 

x 

•X 

x a 

cr  2 

•— 

. p 

o 

a. 

U« 

p— 

cr 

i7 

p- 

CO 

Zj 

II  c 

< 

< «x 

UJ 

ft> 

•—  •— 

UJ 

d 

U.’ 

X 

H- 

V 

» 

a 

P— 

U. 

jj  ►- 

Pm 

uJ 

'd 

d 

2 

a 

a 

uua 

a a 

> 

> 

c 

a 

c 

a 

a 

p 

CZ- 

V 

u 

■> 

> 

c 

ft 

d- 

T 

*M 

UJ  * 

!» 

UJ  UJ 

r 

3 T 

m- 

— 

ft! 

< 

cr  e 

a 

■» 

c 

»-> 

p— • 

C 

U‘ 

UJ 

M- 

P-4 

a. 

X 

a 

p- 

c 

c 

? 

2 

c 

O C 

a 

a 

c u? 

x 

UJ 

a 

>— 

p— 

p- 

o 

o 

a 

y 

d 

CJ 

ft 

jr 

■r 

cr 

c* 

2 

UDU 

A 

2 

u 

O 

c 

c 

< fX 

5 

cr 

> 

•i 

It 

— * 

u> 

►— 

/ 

cr 

a 

-* 

r 

a 

? 

cr 

cr 

> 

C 

•V  p- 

d' 

c 

C 

M 

w O 

w 

C' 

M 

II 

a. 

C’ 

X 

d 

pm 

c 

►- 

c 

d 

d 

C 

< 

</> 

i. 

U X 

-J 

u>  c_ 

X 

X D 

x 

Zi 

-j  a. 

fj 

> 

X 

T 

V 

<3 

U 

*— » 

e 

ft 

0 

c 

u 

G 

r 

G 

—4 

u 

u 

5 

c- 

*— . 

O 

o 

C 

c 

r C 

c 

c o 

e 

O 

c c. 

ft 

O 

ft.  O 

ft 

C 

ft  C 

o 

O 

C 

ft 

c- 

C- 

ft 

— > 

ft 

ft 

ft 

ft 

c- 

e 

id- 

c 

c 

o 

d- 

c o 

d 

c c 

C C* 

c 

c 

d M. 

a 

•T 

e d 

ft 

c 

O 

C- 

C 

c 

c 

ft 

o 

c 

ft 

y* 

* 

o- 

c 

M* 

a 

•^* 

9 IT 

x> 

h-  X 

C 

— IV 

PA 

X 

IT  IT  IT 

2 f" 

X 

a 

o 

rv 

rv 

pr  k 

X £* 

c 

— 

<v 

fV 

• 

M 

<v 

l\  «V 

IV 

l\j  IV  f\t 

IV  »V  IV  K>  K.  *<■ 

P^ 

K 

•r  pr 

— K 

•r 

PT 

a 

3? 

5 

c 

3 

if 

If  if  if' 

r-n 

»r 

pr 

pr 

PO 

K 

K1  fO 

PT 

ro  — 

pr 

fr 

K>  t* 

p#p 

pr 

K 1* 

PA 

pr 

jT 

pr 

pr 

pr 

rr 

pr 

pr 

pr 

Kl 

pr 

pr. 

pr 

pr 

pr 

D-21 


IBIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
EROU  COPY  FURNISHED  TO  DDC  . 


UJ 

a 

U 

> 

u 

— * 

ft- 

< 

% 

a 

rv 

X 

cr 

• 

cr 

ftft 

ft! 

TO 

•— 

or 

© 

o 

Ul 

ft— 

r> 

<r 

a 

7 

cr 

< 

c 

p— 

>- 

Q 

cr 

r— 

cr 

-> 

ft- 

aJ 

a 

• 

2 

•— 

a 

X 

a 

T 

— 

cr 

UJ 

c 

3 

U 

u. 

UJ 

a 

-J 

cr 

% 

ft- 

X 

< 

< 

c 

ft- 

^5* 

X 

a 

X 

-J 

c: 

C 

« 

a 

UJ 

-ft 

a 

X* 

* 

r 

UJ 

ft- 

y 

> 

c 

ft- 

cr 

is 

o 

c 

ft— 

a 

ft^ 

*— 

2 

CJ 

a 

< 

_i 

p- 

X 

—ft 

—ft 

c 

2 

9 

o 

Uu 

a 

• 

_i 

■a 

2 

UJ 

a- 

9 

-1 

_i 

— * 

•— 

X 

C 

2 

a 

c 

ftft 

<1 

or 

cr 

ft- 

Ul 

ft— 

X 

a 

•> 

<s 

7 

2 

ft- 

ft- 

X 

IT 

ft-* 

►ft 

* 

c 

**7 

u>  *- 

IT 

ft- 

a 

« 

UJ 

a 

ft- 

p- 

< 

X 

* 

w 

cr 

ft- 

<z 

a 

* 

a 

• 

* 

X 

z. 

a 

cr 

© 

ft— 

ft— 

a 

IT 

IT  • 

-ft 

ft- 

a 

c 

< 

w 

cr  -ft 

ry 

V 

% 

a 

> 

> 

-ft 

yj 

• 

a 

* 

ft— 

X 

rt 

<v 

C 

X 

-- 

•A 

« 

ft- 

i 

UJ 

ft- 

V 

o 

a. 

• 

• 

cr 

— * 

ft- 

• 

o 

u 

ft- 

P- 

> 

<v 

© 

«- 

IN 

* 

c 

A 

o 

x 

7 

CJ 

u 

© 

IT 

A 

JC 

II 

II 

cr 

• 9 

IT 

X 

a. 

> 

«— 

9 

9 

<r 

7 

«u 

OL 

o 

V 

a 

o 

«? 

<- 

IT 

w 

9 

V 

•— « 

X 

X 

►- 

a 

— ■ 

♦ 

IT 

“% 

UJ 

• X5 

• 

c 

> 

> 

9 

X 

i 

u. 

— 

u 

ft— 

a 

c 

c 

x cr  ir 

ft— 

— 

►-  UJ 

UJ 

Or 

w 

2 

w 

UJ 

y 

CJ  o 

it 

> 

w 

a 

c 

a 

a 

<_> 

> 

91 

It 

UJ 

M 

►- 

ftl 

tr 

—ft 

so 

X 

■N 

-- 

c 

— N 

c 

y 

c 

fl 

u. 

C 

T 

u 

-ft 

—ft 

cr. 

II 

Ul 

a 

*-  c 

-ft 

c 

3 

* 

X 

V 

if 

U. 

—ft 

e 

a 

— 

© 

Q 

> 

>r 

•“ 

a 

« r 

j 

r 

-ft 

X 

♦ 

♦ 

c 

O 

C 

w 

c 

c 

C 

© 

c 

o 

o 

c 

c 

- 

C 

© 

c 

© 

ft 

o 

c 

— * 

A. 

— 

© 

o 

© 

© 

e 

e 

o 

e 

—ft 

o 

© 

c 

e 

c 

© 

c 

© 

PO 

PO 

K» 

9 

9 

IT 

X 

© 

o 

/v 

PO 

9 

9 tr  x 

cr 

a 

e 

— (\J  IT 

ir  ir 

*T  iT  IT 

IT 

IT 

X 

ft* 

c* 

e 

© 

© 

o 

© 

© 

© 

© 

© 

— 

— 

w 

If  WlP 

K* 

P* 

•A 

PO 

•o 

9 

9 

9 

9 

9 

a 

9 

rt 

9 

9 

9 

9 

i a i_>  a c?  •«*  a. 


aiTfsirjc- 
— — — — — — rc*\ 


< H It 

u a. 


o c o 
© © e 

f\l  9 
A.  fV  A 


-J  or 

_l  ft.  iT 

4 H II 

UNI 


© © C 

e © e 
XX  — 
ft)  ft.  ft. 


D-22 


.MOO  C«Ll 
?OOG  IxH* 
JOOO  P*<. 
3100  CALL 


mis  PAGE  IS  BEST  QUALITY  FRACTICABL1 
YBxM  COPY  FURNISHED  TO  DDC  

a 

u a 
% u 
• % 
> * 

IT  « 


1 


i 


r>  _>  C -J  — _)  ~ 

a n jit  » _t  -r  © _i  >- 

II  It  < II  H < II  II  *J  C 

ini  a v.'  a u a 'J 


ecseececce 
c esecc  » e <r  © 


99999933 


9 9 9 9 9 


9 C 

N C 


tr 

UJ 

ac  a 

> 

cr 

- o 

-i  • 

•-  a 

a 

< 

« u 

* 

u.  • 

c 

■ 

o 

c 

CO  CO 

«** 

a.'  •- 

CO 

* 

2 J 

> 

*© 

9 < 

X 

< 

U.  CO 

• 3 

uj  u: 

rvj  © 

* 

> 

c » 

II  IT 

cr 

IT 

C 

• 

e *- 

■» 

cr 

2 CO 

i- 

M 

<T 

2> 

© 

►- 

Ui 

CO 

cr 

CO 

*T 

■> 

■> 

*—  ta. 

nr 

? ? 

T> 

T 

9 

uj  u. 

U 

r 

C 

a -r 

m 

a t 

UJ 

u. 

u. 

rr  3 

> 

LS 

> 

U C_) 

9 < 

< 

O 

*"N 

• r? 

% 

U.'  UJ 

« © 

<* 

W 

w 

e c 

II  C 

U- 

u. 

CO 

cr 

< « 

c a 

-1 

> 

X 

X 

X 

< < 

*- 

#- 

UJ 

II 

•-* 

£ 

-1  _J 

a 

c? 

e 

a 

w 

UJ 

•— 

•— 

o 

a 

-J 

►- 

• 

Y 

• 

< 

c 

-J 

2 

2 

a 

a 

C 

a 

< 

u_ 

Uj 

>• 

cr 

co 

'T 

» 

a 

~~ 

►- 

►* 

U 

a 

*— 

H- 

a 

c 

c 

a 

a 

h- 

* 

< 

2 

a 

y 

u 

u. 

U.' 

< 

i-  i_) 

cr 

» 

•• 

=; 

a 

e 

•Y 

? 

>— 

a 

-J 

cr 

%* 

% 

u. 

a 

a 

c 

u.  u. 

*■ 

c 

a 

w 

a 

w 

a a 

*- 

a 

W 

© 

c 

u 

l_) 

r 3 

• 

cr 

u 

% 

> 

% 

T 

y 

•i 

II 

II 

1 

3 cr 

a 

% 

•* 

UJ 

% 

UJ 

A 

-a 

u « 

a 

i 

> 

ii 

i 

II 

▼ 

u. 

cr 

II  u> 

u 

S 

C 

• 

a 

u 

fr-» 

c 

tr 

> 

♦ 

-> 

♦ 

<r 

-> 

-1 

•-» 

»— 

*— 

•— 

A 

A 

A 

A 

o 

A 

* 

—J 

o 

— 

% 

• 

% 

> 

% ^ 

< 

-T 

kO 

so 

a 

T 

\ 

a. 

• 

V— 

a 

a 

a 

a - 

V 

V 

V 

V 

• 

V 

• 

Ul 

K* 

9 

sT 

w 

w 

• 

L 

2 

X 

H 

a 

U< 

n 

UJ 

C 

UJ  *- 

a 

j 

*- 

!• 

M. 

1— 

UJ 

UJ 

a 

T 

“ 

ii 

— JL 

c 

r* 

2 

a 

[J, 

T 

a 

> 

* 

*— 

-J 

—1 

rf 

_J  cr 

W 

U. 

*» 

*— 

*— 

© 

c 

r- 

fc» 

w 

3 

a 

< 

SO 

«J 

cr 

C 7 

u 

k 

a 

a 

y 

ii 

a 

> 

V 

-J 

cr 

■> 

> 

■> 

> 

*>  r 

a 

a 

a 

a 

a 

a 

_i  a 

— * 

« 

Cl 

c 

C 

© 

© 

C 

© 

© 

c 

c o 

c 

o 

C 

c 

c 

© 

c 

e 

e 

c 

o 

C 

c 

c 

C w 

c 

c 

O 

© 

C 

i\.  k« 

© 

IT' 

f 

a 

<k 

c ^ 

Aj 

«p» 

IM  »A 

rr 

Hr 

2 »>- 

X 

© 

c 

e 

© 

e 

© 

c 

c 

c 

f? 

— — 

c 

e 

c 

© 

c 

© 

c 

© 

© 

IT 

IT  VO  IT 

iO  ITiO  iO  10 

IT'  IT  !T  IT 

£ 

2 

2 

j. 

« 

2 

2 

2 

2 

a 

w 

u.' 

-j 

< 

> 

• IT 

* •« 

■C 

i < 
« 

— o 
**  o 
••  rv 
^ y 


olfif  Tc  best  quality  mcxicABLS 

THIS  PAGE  ISBESTQU  . 

jjjOig  COPY  FUKWSHED  iv 


a 

u 


rv 

X 


o 

IT 

V 


r* 

rv 


O 

V 


fir 

or 

flr 

cr 

cr  cr 

u 

U 

u 

u 

u l> 

% 

% 

% 

% 

% % 

• 

• 

V 

V 

* * 

♦ 

♦ 

♦ 

♦ 

♦ ¥ 

♦ 

* 

♦ 

« 

* 

♦ 

♦ 

« 

« 

CO 

If)  ¥ 

« 

H- 

¥ 

« 

-ft* 

— s ^ 

♦ 

a 

a ¥ 

« 

►- 

•—  * 

* 

z?  * 

cr  * 

l“,  > 

u * 

% «r 

cr 

CO  * 

» * 

^ ♦ 

CJ  * 

fT 

T * 

% * 

s * 

r 

7 « 

on  * 

*— » 

O ¥ 

*-  « 

-j  ♦ 

*- 

ft-  « 

3 * 

CO 

on  ftr 

or  * 

U 

UJ  * 

UJ  * 

cr 

or 

ft- 

ft-  ftc 

rr  ♦ 

ft- 

*— ■ 

* 

CO 

T 

UJ 

UJ  * 

ft-  * 

U 

UJ 

cr 

CD  * 

cr  * 

*» 

< 

< * 

UJ  « 

X ¥ 

>-  ♦ 

-J 

< 

<x  ¥ 

♦ 

«x 

< 

U ¥ 

u.  + 

•» 

— , 

-J  * 

o ¥ 

C 

w 

«“*  * 


« 

>■  * 
* « 
<1  « 
r * 

j • 

2 * 


v 

7 


«j 


•-  « 

Z>  * 

a * 
•-  * 
z?  * 

c * 
« 


A"N 

5T 

X 

♦ 

X 

c 

c 

c 

¥ 

ft- 

m 

9 

♦ 

♦ 

9 

ft 

♦• 

ft 

ft 

ft 

ft 

UJ 

U. 

Ur 

u 

¥ 

% 

•— 

% 

% 

-1 

CO 

mJ 

cr 

¥ 

a 

e 

% 

% 

a 

c 

a 

ft-« 

cr. 

•-* 

cr 

¥ 

W 

u 

a 

a 

Cl 

a 

W 

UJ 

u 

<r 

< 

<■ 

¥ 

u. 

_) 

W 

w 

-mi 

W 

U. 

-J 

% 

u. 

a 

U. 

a 

¥ 

ft— 

U» 

u. 

u. 

”7* 

l-H 

a 

*• 

rv 

¥ 

CO 

-j 

< 

T* 

«y 

-J 

< 

ft 

0 

Tt 

¥ 

• 

ft— 

cr 

u. 

_/ 

_i  a. 

J 

<r 

u. 

% 

% 

• 

• 

¥ 

X 

<J 

<• 

■> 

< 

< 

<[ 

> 

T 

a 

X 

¥ 

♦ 

O 

♦ 

♦ 

¥ 

u 

a 

y 

• 

9 

> 

> 

« 

ft 

V 

ft 

ft 

U 

u 

ft 

S 

* 

* 

9 

% 

% 

<z 

y 

to 

e 

0 

C 

~*7 

A 

X 

A 

A 

< 

A 

»V' 

A 

A 

2Z1 

A 

X A 

A 

A 

U. 

A 

X 

A 

r 

A 

ft* 

A 

A 

c 

CC 

c 

w 

X 

— 

x 

■x 

X 

rv 

X X 

C 

X 

*\i  40  «/“, 

a. 

?y 

r? 

ft* 

5? 

t! 

^5 

-a 

5> 

V 

• 

V 

y 

c 

V 

• 

y 

y 

e 

V 

• V 

V 

y 

•— 

y 

• 

y 

y 

• 

y 

y 

UJ 

>- 

• 

>» 

rv. 

X 

X 

X 

X 

*y 

c 

X 

** 

X 

< 

X 

< 

I 

ft- 

ft- 

»- 

1 

>-> 

r- 

i 

►— 

ft- 

•— < 

►- 

ft- 

7 

*- 

•- 

7 

•— 

►- 

u 

IT 

-J 

-J 

W 

7 

c. 

i 

? 

w 

w 

XL 

w 

C X 

7 

N- 

7E 

X* 

W 

* 

c 

y 

W 

v_ 

7 

.7 

w 

a 

0 a 

a 

ft— 

— » 

ft- 

ft— 

te- 

•» 

►- 

5* 

►-* 

»-4 

c 

*» 

mm 

fc» 

ft-w 

•— 

ft— 

«— 

cr 

tr 

r- 

U 

3T 

II 

c 

» 

» 

u 

a 

II 

o 

cr 

or 

u. 

a 

M 

c y 

a 

C 

a 

r 

II 

X 

a 

•1 

c 

T 

U. 

T 

11 

c 

a 

■* 

a 

(—1 

C 

ftA 

ft— 

a. 

T 

e 

a 

a 

a 

T 

cr 

a 

a 

I-  a 

X 

V?  a 

a 

u 

a 

a 

cr 

a 

tr 

e a 

a 

tr 

vr 

a 

a 

c 

^ft> 

C 

cr 

c 

o 

c 

e 

c 

c 

c 

e 

o 

o 

c 

c 

e 

c 

c 

r 0 

c 

c 

c 

c 

_ 

c 

c 

c 

O 

c 

c 

c 

O 

e 

c 

c 

c 

C 

c 

o 

o 

c 

c 

c 

c 

c 

c 

c 

c 

e 

c 

c 

o 

o 

c c 

c* 

c 

0 

0 

c 

c 

c 

c 

c 

O 

e 

c 

e 

O 

c 

0 

c 

e 

c 

e 

•— 

rv  «A 

IT 

X 

« 

o 

or 

rv  r^ 

T X 

x r- 

X 

a 

c 

mm 

r\j  f* 

a 

X 

X 

* 

» 

c 

—4 

rv  *r 

?? 

JT 

X 

ft** 

ot 

— 

— 

•* 

— 

•*( 

-* 

— 

— 

rv  rv  rv  rv. 

rv  rv 

rv  rv  rv  rv 

ftO 

ft* 

•* 

•* 

ft* 

ft* 

ft* 

ft* 

ft* 

5> 

a 

a 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

« X 

« X 

X 

X 

X 

X 

x' 

X 

t 

X 

X 

X* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

D-24 


! 


IBIS  PAGE  IS  BEST  QUALITY  PRACTICABLE 
ISOM  COPY  FURNISHED  TO  DDC 


c r 


A1 

A. 


ac 

u 


e 

UJ 


m a: 
u.  u 

% 

X * 

•-  <r 
en  t 
uj  ■— 
*-  a 


« if 

i >- 

c _• 


u. 

2 


* 

o 


X 

cn 

UJ 

-j 

T 

*- 

U 

-A 

u. 

•r 

u. 


p- 

A» 

Al 

% 

U. 

•• 

•— 

U? 

% 

% 

A 

9 

* 

•• 

2 

a 

& 

% 

tr 

a 

< 

•4. 

U‘ 

a 

% 

2 

u. 

•• 

% 

u 

r 

T 

•— 

•-• 

X 

•• 

B 

% 

% 

% 

% 

i 

S 

* p 

i 

X 

P^ 

“ 

% 

mrn 

¥? 

% 

% 

x- 

% 

— l 

mm 

^ % 

U. 

x 

IT 

% 

* 

•• 

_i 

— r 

% 

% 

P* 

UJ 

X 

W W 

c 

3 

% 

V 

A 

a 

X 

mm 

U. 

c 

< 

T> 

C u. 

< 

c 

% 

% 

X 

% 

% 

w 

• 

p- 

w 

% u 

u. 

u 

c 

— 

II 

•— 

*— 

• 

UJ 

C' 

— 

u 

B 

% 

• 

If 

n 

X 

# 

T 

UJ 

ii 

% 

II  - 

% 

>— 

fV 

X 

p- 

■> 

t 

»—  — 

r 

<v 

co 

CO 

w 

p— 

— 

• 

S 

vJ 

X 

(_■ 

r“ 

p— 

x 

p- 

A 

UJ 

c 

X 

X 

(0 

3 

c 

►- 

m» 

;£ 

A 

A 

A 

A 

A A 

A 

m» 

2 

• 

2 

• 

• 

II 

u 

3 

X 

Ui 

C? 

X 

X 

• 

•X 

• J“ 

u. 

X 

c 

w 

o 

w 

H- 

u 

♦ 

“2. 

u. 

• 

V 

V 

V 

C V 

* 

V 

• 

X 

p— 

X 

X 

r 

50 

->  X 

*r 

X 

X 

TP 

rt 

UJ 

? 

mm 

% 

P-» 

cr 

ii 

•I 

X 

•— 

1- 

p» 

P» 

►— 

*— 

►- 

«* 

■c 

CO 

a 

a 

w 

♦ 

<X 

p— 

w 

mm 

♦ 

w 

c 

1 

7 

0 

2 

a c 

(jg 

u. 

»— 

u 

•jL 

c 

e 

£ 

CO 

w 

2 

< 

* 

< 

2 

W 

< 

*— 

c- 

72 

p— 

►- 

* 

O’ 

X 

««* 

H 

U 

II 

u. 

o 

U 

w 

w 

ii 

2 

u. 

It 

Or 

a 

a 

C T 

rr 

c 

10 

ii 

</> 

a 

Zi 

CO 

Zi 

X 

u. 

u 

'J  C 

o 

•* 

e 

X 

a 

-J 

a 

-i  a 

U 

a 

c 

« 

* 

C 

o 

c 

c 

- 

o 

c 

c 

c 

c 

o 

c 

a 

c 

c 

c 

C 

c 

• 

- 

C 

C 

w C 

w 

c 

e 

c 

w» 

c* 

n? 

c 

c- 

o 

e 

o 

c 

o 

c 

o 

c 

C 

mm 

A)  O 

c 

c 

e 

c 

c 

cr  c 

c 

C- 

c 

A. 

A.’ 

a;  x 

X 

r*- 

X 

X 

A 

?y 

X 

•r 

9>* 

X 

9- 

c 

mm 

A X 

■3  X 

X 

T 

c 

c 

c 

c 

c 

c 

c 

c 

*■_ 

V4 

— 

— 

— 

A 

A 

A' 

AAA 

A 

A 

rv. 

o 

c 

o 

c 

c 

r* 

e 

o 

o 

e 

o 

o 

c 

e 

c 

c 

— * 

e 

c 

c 

o 

c 

e 

o 

o 

c c 

e 

c 

c 

x 

IT 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X X 

XXX 

X X 

X X 

X 

X 

XXX 

X 

X 

X 

D-25 


manu  IS  B2ST  QUALITY  PRA-CTirtfBMt 
OOPY  FURNISHED  TO  DPQ 


DUE 


TIME  13l2! 


PATTERN  FILE  P2916.PA7»*CT 


t 

0 

0 

Tn 

1 

2 

21 

12345 

67^90123456 

7A901 

0.0001 

• 

0.000? 

* THE 

FOIL') AINU  ARE  1 HE 

0.0003 

* 

o.oooa 

* 

11111111 

1222? 

0.0005 

*12345 

7A90123IS67 

90123 

0.0000 

* 

0.0007 

* IMF  1 

FOLLOWING  ARF  THE 

O.OOOA 

* 

0.0000 

* 5 

H H 

H 

0.0010 

*9  »l 

U 0 tl 

H R 

o.ooi! 

• l.MfUS 

SAHWHO  HHAS 

S AHWf 

0.0012 

•EOOOO 

1 1 1 1EOS222? 

3333P 

0.0013 

* 

1 ,0000 

00100 

00100L00100 

00  100 

2.0000 

OLIO* 

H01L0L  OL 1 OH 

HO  1 L 1 

3.0000 

0L10H 

H01LOL0L10H 

HO  11.0 

4.0000 

0L1  1H 

HI 1L0H0L1 1 H 

HOI  LO 

5.0000 

OL  1 OH 

HI  1L0M0LUH 

Ml  1L0 

6.0000 

OLt  1H 

hulololiom 

M01L0 

7.0000 

OMUL 

LUMOLOLIOH 

M01L1 

5.0000 

t M 1 1 L 

LI1H0L0L10M 

H01L1 

0.0000 

1 M 1 1 1 

1 UH1L0L101 

1 0 1 L 1 

10.0000 

omul 

LUMOLOLIOH 

HOH  1 

1 1.0000 

OMUL 

LUMOLOLIOH 

HO  1 LO 

12.0000 

OH  1 1 L 

L01HOL0L1 1M 

Mono 

13.0000 

0M11L 

MOROLOHl  1L 

HOILt 

10.0000 

1 H 1 1 L 

moholohul 

MO  11.1 

15.0000 

1 M 1 1 1 

loiLlLOMj \ i 

1 0 1 L 1 

16.0000 

OMUL 

mOILOLOHUL 

MO  1L1 

17.0000 

omul 

HOlLOLOMt 1L 

HO  1 LO 

1 A. 0000 

0H1  OL 

M01L0H0M1 OL 

Ml  1 LO 

19.0000 

OL  1 OH 

HOILOmoli OH 

L It  H 1 

20.0000 

1L10M 

M01 L0H0L1 OH 

L11H1 

21.0000 

1 L 1 0 1 

1 0 1 L 1 mol  101 

11  1 H l 

22.0000 

0L10M 

HOILOHOLIOM 

L 11  HI 

?3.ooon 

0L10M 

HO  1 L’OHOL  l OH 

LI  |M0 

24.0000 

OLO  | M 

Ml  1L0H1LUM 

L 11  HO 

25.0000 

0L01H 

L 1 1 HOH 1 M11 L 

L 1 1 wi 

26.0000 

1L01M 

111M0MIH11L 

LI  1H1 

D-26 


1 


TO 


21 

12345 

27  .OO'iO 

1 L 0 1 1 

28.Q000 

1111  1 

29,0000 

1L01M 

30,0000 

1L11H 

31 ,0000 

1L11H 

32,0000 

1L11L 

33,00«0 

OHilL 

34.000ft 

IH01L 

35.0000 

|moil 

30.0000 

1 H 0 1 H 

37.0000 

OL  0 1 H 

38.0000 

1 L 0 1 H 

39.0000 

iloih 

oo.oooo 

ILIOh 

41.0000 

1 L 1 OH 

42.0000 

0 L 0 1 H 

43.0000 

0 L 0 1 H 

44.0000 

1L  1 OH 

45.0000 

l L 1 0 L 

48.0000 

l L 1 0 1 

47.0000 

l L 1 o 1 

48.0000 

OL  1 OH 

49.0000 

ILOIH 

50.0000 

11  011 

51.0000 

1 L 0 1 1 

52.0000 

0L1  Oh 

53.0000 

OHl  OL 

54.0000 

1 HO  1 L 

55.0000 

1 H 0 1 rt 

56.0000 

1 H 0 1 H 

57.0000 

1 HO  1 L 

58.0000 

l HO  1 L 

59.0000 

1H01L 

0 0 

1 2 

67890123456  78901 


UlHlHlHUt  111M1 

UIHIHIHUI  1 1 1 H 1 
U1H0H1H11I.  LUH1 
L10HOH1H01L  L 1 Oh  1 
LIOMOH1H01L  LlOHrt 
H10H0H18O1M  H10W1 
MIOLOHILOIH  HJOU 
HI UrtHlLl 1 H H||L| 

Hi 1LOH1L1 1H  HI ll  n 
LI  1L0H1L1  1L  11  11.1 
L11HOH1H111  L 1 1 HO 
LI 1H0LIH1 1L  L10H0 
Ll  IHOLtHl  11.  H10H1 

IIOHOLOHOIL  HOIHO 
L 1 OH0L  i)HO  1 L HO  1 H 1 

L10H0LIH10L  HOUft 
H10LOLIH10L  LOlHt 
HO  1 I.  OH  1 HO  l L LOIHO 

LO1L0H1H01H  LO 1 H 1 

I OIL  U.  OHIO!  101  HO 
lOlLlLOHioi  1 0 1 H 1 

H01L0L0L10H  H01L1 
H10L0L1L01H  M10L0 

II  OL  1 1 1 Lftl  1 110L0 

110L1L1L011  1101.1 

HO  1 L OL 1 L 1 OH  H01LO 
L 0 1 H 0 L H 1 o l LftlHl 

L10H0L1H0H  I.IOhO 

HlOHf'Ll  10  1H  HI  0 H 1 
H10HOLOHO1M  HI  0 M 0 
IIOMOIOMOU.  |.l  0H| 

L 1 OHOhoho | L l oi ho 

L)  OHOM'HOIL  HO  1 H J 


THIS  PAGE  XS  BEST  QU/LITY  PRACTICABLE 
ISOM  COPY  FURNISHED  XO  DDC - 


59,01 00 
59, 0200 

59.0  JOO 

59.0000 
59,0500 


iHf  Ft»ST  FOUH  VFF  TH9S  A9F  9F  WE  Aft  0 91  ALL  F49Q98  ARf  9AVF0 
•slfH  NO  OFIFCTFO  n m a i.min  JF/tCE, 


D-27 


jqD&G 


0 <> 

1 l 

1?4<J'.S  67890|;H«S8  78901 


Mi.  0000 
hi  ,000(1 
8?. 0000 
85.0»00 
8 5,  1000 

r>  T . 200 0 

ho.oooc 

hS.onoo 

88.0000 

87.0000 
87.0100 
87 . 0200 

87.0500 

88.0000 
80.0000 

70.0000 

71.0000 


ooioo  ooiooLioioo  onion 
OL10H  HOROLOLIOH  H01L1 
0L10H  H01C0L0L10H  MOltO 
OL 1 M Hi  U0H0L1  1H  M01LO 

*T  iF  FOLLOWING  VFCTn.VS  CHECH  OFVICE  CAPAR  IL  I T Y OF 

* ' RECEIVING  DATA  VIA  MIJS  INPUT 

O'lOOH  H n 0 0 1 0 0 0 0 0 H HOOOO 

OHOOO  000M1L0HO00  OOOMO 
0L0O1  100L1L0LO01  100L0 
OHOOO  000H1L09O0O  OOOHO 

* 

♦ THE  FlPSf  FOUR  vectors  ARE  rf.pfatfo  so  all  errors  are  saveo 


► *ITH  80  FRRORS  OETECTEO 
OOOOH  HOOOlOOnonH  HOOOO 
OHOOO  OOOH1LOHOOO  OOOMO 
OLOOl  lOOLILOLOOl  innLO 
OHOOO  OOOH1LOMOOO  OOOMO 


GOOD  )EY I CE 


D-28 


DK0|P2916.PIN**CT  OATEt  06-FEB-78  TIME*  20*50*0? 


LIME 

SECTOR 

PIN 

DUT  PIN 

NUMBER 

number 

NAME 

OR  COMMENT 

1.0000 

1*AI0 

PI 

RECEIVER  LATCH  ENABLE 

2.0000 

5*AI0 

P2 

RO 

3.0000 

9**10 

P3 

BO 

4.0000 

13*410 

P4 

AO 

5.0000 

17*AIO 

P5 

BUSO 

6.0000 

21**10 

P6 

GROUND  1 

7.0000 

25NAIO 

P7 

BUS! 

8.0000 

29**10 

P8 

At 

9.0000 

33*AIO 

P9 

HI 

10.0000 

37**10 

P10 

R1 

11.0000 

41**10 

Pit 

BUS  ENABLF 

12.0000 

45**10 

P12 

ODD  PARITY 

13.0000 

49**10 

PI  3 

SELECT 

14,0000 

53**10 

P 1 4 

R2 

15.0000 

57**10 

P15 

82 

16.0000 

61**10 

PI  6 

A2 

17.0000 

2XAI0 

PI  7 

BUS2 

18.0000 

6XAI0 

PI  8 

GROUND  2 

19.0000 

1 OX  *10 

P19 

BUS  3 

20.0000 

14XAI0 

P20 

A3 

21.0000 

18XAI0 

P21 

B3 

22.0000 

22XAI0 

P22 

R3 

23.0000 

26XAIO 

P23 

DRIVER  CLOCK 

24.0000 

30XAIO 

P24 

vcc 

D-29 


I 


iii.  Tektronix  3260  test  for  the  2917 

The  following  pages  contain  the  test  program,  pattern  file, 
and  pin  assignment  program  for  the  2917. 
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) 7. noon 

1111 

1011L1111 

101  1 

1 «, 0000 

0H1L 

hololohil 

MOL! 

19.0000 

OH  1 L 

HOLOLOHIL 

HOl.O 

po.oooo 

OHOL 

HOI  0H0M1L 

H 1 L 0 

?1 .0000 

01  OH 

hOLOHOLOH 

l 1 H 1 

PP.0000 

ItOH 

HOL  OHOLOH 

L 1 H 1 

21.0000 

11.01 

1 OL 1 HOL 1 1 

1 1H1 

? a . o o o o 

1101 

10l1H|10t 

1111 

25.0000 

OtOH 

HOL0HOL  OH 

L 1 H 1 

26.0000 

OLOH 

mOLOhoLOH 

L1M1 

27.0000 

ftflH 

H1LOM01  )H 

1 1W0 

2«.oooo 

OL  Oh 

LlHOHOHll 

1 1 H 1 

29.0000 

11.  OH 

LlMO-OHll. 

MH1 
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ttx&  PASS  IS  BEST  QUALITY  PRACTICABLE 
COPY  FURNISHED  TO  DDC  - 


t 


*■ 


0K0JP291  7.PTNJWCT  DATE* 


LINE 

SECTOR 

PIN 

NUMBER 

NUMBER 

NAME 

1.0000 

1 M A TO 

PI 

2.0000 

5*A|n 

P2 

3.0000 

9#  A 10 

P 3 

0,0000 

13wAIO 

P 4 

5.0000 

1 7*  A I n 

PS 

6.0000 

2 1 N A 1 0 

P6 

7.0000 

?5*  A I 0 

P7 

*.0000 

?9w  A 1 0 

P* 

0.0000 

33b  A 10 

P9 

10.0000 

3 7 R A 1 0 

PI  0 

1 1.0000 

4 1 bA  10 

PI  1 

12.0000 

4 5b  A 1 0 

PI? 

13.0000 

49b  A 1 0 

PI  3 

14.0000 

5 3*  A 1 0 

P|  4 

15.0000 

57bAIO 

P 1 5 

16.0000 

6 1 B A 1 0 

P l 6 

17.0000 

?X  A I<» 

PI  7 

18.0000 

6XAT0 

Plfl 

19.0000 

1 0 X A T 0 

Pi  9 

20.0000 

14*  AID 

P?0 

06-FEB-7*  TIME*  20*50:14 

OUT  PIN 
0*  COMMENT 

RECEIVER  LATCH  ENAHLE 

MO 

AO 

R 1 1 S 0 

GROUND  1 
Huai 
At 
Ml 

rllJS  ENABLE 
1)00  PARITY 
OUTPUT  ENAHLE 
R? 

A? 

BUS? 

GRODNO  ? 

BUS  3 

A3 

W 3 

OR  TVER  CLOCK 

vtc 
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iv.  Socket  card  wiring  lists 


The  following  pages  contain  the  wiring  lists  for  socket  cards 
S/N  2010  and  S/N  2011.  The  former  is  used  for  testing  the 
2915  and  2916  and  the  latter  for  the  2917. 


IT  PIN 

To 

SOCKET  CARD  S/N  2010  WIRING  LIST 

I/O  PIN 

SOCKET  CARD  i/o  JUMPERS 

1 

t 1 

1 W I 

1 W 0 

2 

5 

2X1 

2X0 

3 

9 

5 W I 

5 W 0 

4 

13 

6X1 

6X0 

5 

17 

9 W I 

9 w o 

6 

21 

10  X I 

10  X 0 

7 

25 

13  W I 

13  w 0 

8 

29 

14  X I 

14  X 0 

9 

33 

17  W I 

17  w 0 

10 

37 

18  X I 

18  X 0 

11 

4l 

21  W I 

21  W 0 

12 

45 

22  X I 

22  X 0 

13 

49 

25  W I 

25  W 0 

14 

53 

26  X I 

26  X 0 

15 

57 

29  W I 

29  W 0 

16 

6l 

30  X I 

30  X 0 

17 

2 

33  W I 

33  W o 

18 

6 

37  w I 

37  w o 

19 

10 

40  Z I 

40  Z 0 

20 

14 

4i  w I 

41  w 0 

57  w I 

57  W 0 

21 

18 

45  W I 

45  w 0 

22 

22 

49  w I 

49  W 0 

6l  w I 

61  w o 

23 

26 

52  Z I 

52  Z 0 

24 

30 

53  W I 

53  W 0 
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UNDER  SOCKET  CONNECTOR  WIRING 


c 

A 

7 

TO 

D U T 24 

C 

B 

25 

TO 

C 

A 

13 

c 

A 

8 

D U T 24 

C 

A 

13 

C 

A 

14 

c 

A 

9 

RING  gnd 

C 

A 

11 

C 

A 

12 

c 

A 

10 

RING  gnd 

* D 

U T 

6 

RING  gnd 

c 

B 

25 

RING  gnd 

* D 

U T 

18 

RING  gnd 

* 2915  and  2916  Devices  Only 
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SOCKET  CARD  S/N  2011 
WIRING  LIST 


PUT  PIN  to  I/O  PIN 


SOCKET  CARD  to  i/o  JUMPERS 


1 

1 

1 WI 

1 WO 

2 

5 

5 WI 

5 wo 

3 

9 

9 WI 

9 wo 

4 

13 

13  wi 

13  wo 

5 

17 

17  WI 

17  WO 

6 

21 

21  WI 

21  WO 

7 

25 

25  WI 

25  WO 

8 

29 

29  WI 

29  WO 

9 

33 

33  WI 

33  WO 

10 

37 

37  wi 

37  wo 

11 

4l 

4i  wi 

4l  wo 

12 

45 

45  wi 

45  wo 

13 

49 

49  wi 

49  wo 

14 

53 

53  wi 

53  wo 

15 

57 

57  WI 

57  wo 

16 

6l 

61  WI 

6i  wo 

17 

2 

2 XI 

2 XO 

18 

6 

6 XI 

6 xo 

19 

10 

10  XI 

10  xo 

20 

14 

UNDER 

14  XI 

SOCKET  CONNECTOR  TO  DUT  PIN  AND  GROUND 

14  xo 

CA7 

TO 

DUT  20 

ca8 

DUT  20 

CA9 

Ring  Gnd 

CA10 

Ring  Gnd 

CB25 

Ring  Gnd 
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